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Ht  Deab  Frisitd, 

Permit  me,  as  a  small  mark  of  the  high  esteem  in  which 
I  hold  you,  and  of  my  sincere  admiration  for  your  achievements 
in  Chemical  Science,  to  inscribe  to  you  the  following  pages. 

If  my  little  work  possess  any  value  as  a  guide  to  the  student, 
it  is  to  your  writings,  to  your  example,  and  to  the  unreserved 
communications  with  which  you  have  at  all  times  honoured  me, 
that  I  am  indebted  for  it. 

Few  men  have  enjoyed  better  opportunities  of  intimate  personal 
intercourse,  and  of  epistolary  correspondence  with  you  than  I 
have  :  and  few,  consequently,  can  more  confidently  testify  to  the 
rare  liberality  with  which  your  views  on  scientific  subjects  are 
communicated  to  your  friends,  or  to  the  readiness  with  which 
your  advice  and  assistance  are  rendered  to  your  fellow  labourers. 

The  present  work  is  but  a  feeble  testimony  of  the  attachment 
and  respect,  which,  after  sixteen  years  of  uninterrupted  friend- 
ship, 1  feel  for  your  person  and  character.  Bnt  such  as  it  is,  it 
is  heartily  offered  by 

Yours  ever  faithfully, 

WILLIAM  QREQOBY. 
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AD'S'ERTISEMENT  TO  THE  FOURTH  EDITION. 


fprcparing  for  the  press  this  new  edition  of  the  *'  Hand- 

fof  Organic  Chemistry,"  I  have  found  it  necessary,  from 

Ho  rapid    progress    of  discovery  in  this  department  of 

"Vience,  to  make  important  changes  in  various  sections,  and 

in  almost  «11  to  iutroiluee  a  large  amount  of  new  matter  ; 

that  the  work  is  considerably  increased  in  size. 

In  doing  this,  I  have,  as  far  as  possible,  cndoavoiirod  not 

sight  of  the  original  object  of  the  work,  which  was 

much  to  give  a  full  aud  complete  detail  of  tlie  facta 

'  Organic  Chemistry,  as  to  put  within  reach  of  the  student 

knowledge   of    tlio   principles    which    regidate    Organic 

listry,  with  such  facts  as  were  necessary  for  illustration, 

else  important  in  themselves.     It  is  a  difficult  task  to 

in  a  small    volume,  any   satisfactory  notion   of  this 

•cienee ;  but  1  have  done  my  best  to  attain  this  end,  and  I 

have  reason  to  believe  that  the  arrangement  I  have  hitherto 

Mlowed  liaa  been  found  useful  to  the  student. 

It  is  well  known  to  chemists  that  Gerliardt  has  intro- 
duced a  modified  notation,  which  will,  in  all  probability, 
lome  finally  into  general  use.  But,  as  even  be  has  nut 
Irentured  to  use  it  in  his  Organic  Chemistry,  I  have  thought 

b«8t  to  adhuro  to  that  already  in  use  among  va,  at  least 
ITor  the  present. 


ADVERTISEMENT. 


For  n  similar  reason,  although  Oerhardt  has  attempted 
to  carry  out  a  systematic  arrangement,  according  to  groups 
niid  series,  yet  he  has  been  compelled  to  treat  many  im- 
portant subjects  in  appendice!<,  as  if  they  had  no  place  ;  aud 
this  clearly  shows,  in  my  opinion,  that  the  time  for  a  purely 
systematic  classification,  though  approaching,  is  not  yet 
come.  I  have  endeavoured  to  prepare  the  way  for  such  an 
arrangement  by  pointing  out  the  various  relations,  hitherto 
unsuspected,  which  have  of  late  been  detected  between 
substances  apparently  remote,  aud  of  which  more  are 
coming  to  light  every  day. 

It  is  unnecessary  to  mention  in  detail  the  improvements 
made  in  the  present  edition  ;  for  there  is  hardly  a  section  in 
which  some  new  matter  has  not  been  introduced,  and  some 
of  the  old  corrected.  But  I  may  mention,  among  those 
where  most  has  been  altered  and  added,  the  sections  on 
the  ethylic  radicals  and  their  derivatives ;  on  the  volatile  oily 
acids  of  the  formylic  series ;  on  the  oxalic  acid  series  ;  on  the 
oleic,  or  acrylic  acid  series  ;  on  the  artificial  bases ;  on  the 
natural  bases ;  and  on  cellulose  and  its  congeners,  starch, 
sugar,  gum,  &c. 

A  few  interesting  facts,  which  reached  me  too  late  to  be 
inserted  in  their  proper  place,  have  been  given  in  a  supple- 
ment, to  which  the  reader  is  referred  for  a  brief  account  of 
the  discovery,  lately  made  by  Hofmaun  and  Cahours,  of  the 
acrylic,  or  rather  ollylic  alcohol,  the  type  of  a  new  class  of 
alcohols,  aud  of  its  derivatives. 

I  beg  once  more  to  express  my  heartfelt  gratitude  for  the 
Tery  favourable  reception  which  haa  been  given  to  the 
earlier  editions  of  this  work,  aud  to  say,  that  I  have  done 
my  utmost  to  render  the  present  edition  worthy  of  the 
favour  which  the  work  has  hitherto  enjoyed. 
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WILLIAM  OREOORY. 


114.  PuaoM  Snor.  Zaaimomou, 
Monk,  UM 


PKEFACE  TO  THE  THIRD  EDITION. 


Itt  offering  to  tho  public  a,  new  edition  of  my  "  Outlines 
r  Organic  Chemistry,  for  the  use  of  Students,"  it  is  necesaarr 
I  explain  why  it  appeora  under  a  new  title. 

The  lust  edition,  which  I  had  token  the  utmoBt  pains  to 
»ndfr  a  fiiitliful  record  of  tlie  actual  state  of  the  science  at 
be  period  of  ita  puhlicatioD  in  1847,  was  already  of  a  nature 
id  comiiletcueH*  hardly  inilicated  by  the  term   Outlines. 
id  the  uuuBually  favourable  reception  it  met  with,  it  having 
en  mlojited  an  a  text  book  in  the  Universities  of  Oxford, 
ihridge,  ftnd  Dublin,  besides  many  other  schools,  has 
roved  tljat  the  treatment  of  the  subject,  and  the  arrange- 
ment of  the  work,  are  such  ixn  met  and  supplied  an  existing 
puuiud  for  an  eleuieutary  work  in  a  moderate  composa. 
eonaideratioaB  havo  urged  me,  on  the  present  occasion, 
do  all  that  lay  witliin  my  power  to  render  the  present 
ion  as  complete,  down  to  the  end  of  1851,  an  tht)  former 
to  the  end  of  1846. 

But  although  (he  grneml  plan  of  the  work  is  altogether 
i,  yet  the  vi-ry  great  progress  made  during  these 
pin  Organic  Chomistry  has  not  only  enabled  me, 
bt  bu  rendered  it  impcmtive  on  me,  to  dwell  more  fully 
I  WM  possible  in  1847  on  many  general  iirinciples  of  the 
important  character,  the  knowledge  of  which  will  very 
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tables  aa  are  already  known.  In  the  column  of  the  volatile 
Bcide  alone,  the  whole  22  compounds  named  in  the  table  are 
known  at  present. 

I  beg  leave  once  more  to  offer  my  grateful  acknowledg- 
ments for  the  very  favourable  reception  given  to  this  work, 
and  at  the  same  time  to  express  my  anxious  hope  that  the 
present  edition  may  be  found,  in  the  present  more  advanced 
state  of  the  science,  to  satisfy,  equally  with  its  predecessor, 
the  just  demands  of  the  teacher  as  well  as  of  the  student. 

The  Outlines  of  Inorganic  Chemistry,  which  forms  the 
first  part  of  the  work,  as  hitherto  published,  is  now  in 
preparation  for  the  new  (third)  edition.  But  it  will  be 
published,  as  the  Organic  Chemistry  now  is,  as  a  separate 
volume,  aa  soon  as  it  can  be  got  ready. 

WILLIAM  aBEGORT. 
CnvEitsiTY  or  Edimbokoh, 
Mardi,  18SSS. 
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OEGANIC  CHEMISTRY. 


IXTfiODUCTOET. 


ixir  C^ncisTBT  is  so  called  because  it  treats  of  the  sub- 
which  fomi  the  Etructure  of  orfcanised  beinj^  and  of 
etr  pnxlucts,  whether  animal  or  vegetable.  It  has  long  been 
Buwn,  that  all  organised  structures,  as  well  as  all  the  sub^tanoea 
in  or  lijr  these,  are,  in  great  part,  oomiioscd  of  a  verj 
aited  numWr  of  elements ;  insomach  that  a  large  proportion 
them  may  be  descrilxd  as  consisting,  almoxt  exclusively,  of  , 
four  simple  subatances,  namely.  Carbon,  llydrogeu,  Oxygen,  i 
ad  Nitrogen. 
But  while  these  four  elements  undoubtedly  ooastitute  the 
iief  psrf  of  all  organised  tissues,  and  while  such  products  as 
'  fibre,  sugar,  starch,  gum,  fat,  oils,  and  many  organic  acids, 
only  the  first  three,  that  is,  Carbon,  Hydrogen,  and 
,  we  must  not  forget  that  other  elements  occur  in  the 
organised  kingdoms  of  nature  ;  some  of  them,  such  as  those  of 
Phosphate. of  Lime,  in  large  quontity ;  and  all,  whether  they 
oeonr  in  umaller  or  greater  proportion,  as  truly  essontiol  to 
animal  and  vegetable  life,  as  the  four  elements  above  mentioned, 
Um  fouloininance  of  which  characterises  the  organic  world. 

plant  can  grow,  or  form  cells,  or  even  fibre,  without 

of  certain  mineral  or  saline  compounds,  which  are 

red  £fO«n  the  aoil,  and  which,  whcu  the  plant  is  burned,  oon- 

r  tt«  *&bet.     Tlieso  are,  Potash,  Sodn,  Lime,  Magnesia,  with, 

a««Monally,  oxides  of  Iron  and  Manganese,  as  bases;  and  Silicic 

i'hotphotio   Acid,   Sulphurio  Acid,  Chlorine,  Iodine,  and 

r,  OS  acids  and  aoid-radioala. 

B,  the  juices  of  all  plants,  and  more  especially  their  roots 
eoataia  tome  one  or  more  of  the  comi>ounds  known  by 


■ita 


Cta^ 


TJfTEODCCTORy. 


the  names  of  albumen,  fibrine,  and  casoino.    Now  these  componndj 
contain    small,  but   absolutely  essential  proportions  of  sulphnr, 
I  twaides  earthy  and  alkaline  phosphates. 

Lastly,  the  bones   of  animals   contain  not  only  phosphate  of 
lime,  but  also  phosphate  of   magnesia  and  fluoride  of  calcium,    | 
both  in  very  considerable  quantity  ;    and  Iron  is  an  unfailing 
1 1  constituent  of  blood. 

To  the  four  elements  first  mentioned,  as  oonstitnting  the 
chief  mass  of  organic  substances,  we  must  therefore  add,  as 
no  less  essential,  although  for  the  most  part  in  smaller  pro- 
portion, the  following  metalloids,  Clilorine,  Iodine,  Fluorine, 
Sulphur,  rhosphorus,  and  Silicon ;  and  the  following  metals. 
Potassium,  Sodium,  Calcium,  Magnesium,  Iron,  and  occasionally 
I  I  Manganese. 

It  thus  appears  that  the  fourteen  or  fifteen  elements  which 
constitute  the  chief  mass  of  the  mineral  or  inorganic  world,  ore 
almost  the  same  which  occur  in  organised  matter  ;  the  difference 
being  chiefly  this,  that  in  inorganic  nature  the  preduminant 
elements,  nearly  in  the  order  of  their  abundance,  are.  Oxygen, 
Hydrogen,  Nitrogen,  Silicon,  Chlorine,  Sodium,  Aliuniiiiiioi, 
Carbon,  and  Iron,  after  which  follow  Potassium,  Calcium,  Mag- 
nesium, Sulphur,  Phosphorus,  Iodine,  and  Fluorine ;  while  in 
the  organic  deportment  the  order  is  nearly  as  follows :  Carbon, 
Oxygen,  Hydrogen,  Nitrogen,  Potassium,  Calcium,  Phosphorus, 
Silicon,  Sulphur,  Sodium,  Magnesium,  Chlorine,  Iron,  Iodine, 
I  and  fTuorine.  Aluminium,  bo  very  abundant  in  the  mineral 
kingdom,  hardly  ever  occtirs  in  organic  compounds,  and  when  it 
docs  occur,  is  i«-rh.ips  accidental. 

The  above  considerations  are  suflloient   to  show,   tlint   there 
is   no   essential   distinction    to    bu   made   between    organic   and 
inorganic  ChemiEtry,   founded  on  the  naturu  of  the  demantl' 
ooncenied. 

Neither  is  there  any  snob  distinction  to  bo  pointed  out  in 
regard  to  the  lows  of  combination  and  decomposition  wliich  prevail 
in  these  ditfercnt  dcpartraenta  of  chemistry  ;  for  we  lind  the  same 
aifinities  oixruting :  and  although  organised  tissues,  and  their 
products,  have,  in  general,  a  more  complicatj?d  constitution  than 
inorganic  (compounds,  containing  a  larger  number  of  equivalents 
of  tlieir  elements,  and  consequently  having  much  higher  atomic 
weights,  we  cannot  consider  such  eharactem  as  forming  a  valid 
ground  of  di>tinetion. 

But  while  we  should  find  it  very  difficult,  if  not  impossible,  to 
draw  the  line  between  inorganic  and  organic  Chemistry  on 
•oiontitio  principles,  we  moy  still  recognise,  for  oonvonionce  suke, 
&  oertain  distinction,  founded,  first,  on  the  origin  of  substAnooa, 


Bnimal  and  regctable,  or  mineiul ;    and  secondly,   on 
Uie  nnifbrm  predomiiianoe  of  carbon  in  animal  and  regeUbIa 
!r. 

reference  to  the  first  point,  it  is  to  be  observed,  that,  althonnrh 

•Icment*  oonoemed  arv  those  cominim  to  the  tnor^aaio  and 

kingdoms,  the  compounds  whioh  constitute  the  latter  af« 

tmdrr  pccnliar  circumstance-),  such  as,  for  the  most  port, 

cannot  b<  :  our  experiments. 

It  is  ti  '•  tiiistry   has  succeeded,   in   soma  coses,   in 

fomixtf  u  Ml  compounds  which  occur  us  products 

I  of  orgoniv  t;rea,   Formic   Add,  iind  f  >il  of  Spir«ea.  | ' 

But,  in  the  first  place,  most,  if  not  all  of  these,  reijuire  for  thuir 
production  the  aid  of  an  organic  product :  thus,  Formic  Acid 
b  produoni  from  i>tuTch,  Oil  of  Spinea  from  8alieine;  and 
although  Urea  may  be  obtained  from  Cyanic  Acid  and  Ammonia, 
h  is  doubtful  if  either  Cyanogen  or  Ammonia  can  be  obtained 
tievpt  from  organic  compounds,  directly  or  indirectly.  Secondly, 
it  is  particularly  to  be  noticed,  that  we  hatre  not  yet  succeeded  in 
forming,  artificially,  either  an  organised  tissue,  or  even  any  one 
of  tile  eompoonds  (albumen,  &c.)  of  which  such  tiiisues  an 
Bude.  Those  organic  compounds  which  have  been  artificially 
fcmed,  are  invariably  productt  of  decompotition,  or,  in  otlier 
words,  the  excretions  or  secretions  of  organised  bodies:  and 
ore  for  less  complex  in  their  constitution  than  organised  struo- 
tnrea. 

From  these  facts  we  draw  the  conclusion,  that  certain  oiroum- 

tanec«,  of  which  the  most  important  is  the  tital  force,  so  mo<lify 

play    of  affinities  in  organised  being?,   as  to  produce   the 

g  usually  termed  organic,  wliich,  so  far   as  they  are 

of  entering  into  the  composition  of  tissues,  cannot  Im 

art. 

to  the   second  peculiarity  of  organic  compounds, 

the  predominance  of  carbon  in  their  corapovjtinn,   we 

that,   as    this  carbon   is   united    to    the    three    g;iS'is, 

,  Hydrogen,  and   Nitrogen,  with  each  of  which   it  forms 

compounds,  and  an,  further,  the  latter  elements,  among 

•Iws,   form  compounds,    such    as    water    and    ammonia, 

aro  also  volatile,  so  the  action  of  heat  on  organic  oora- 

poWMls  i»  charart<Ti«tio  ;  producing  eombvation  of  all,  save  the 

■abea,  wbon  there  is  free  access  of  air  ;  and  charrintj  them,  or  in 

vtiicr  wordt.  causing  the  ecpuration  of  port  of  their  carbon,  in 

■Imb  TCaaelo,  while  the  greater  part  is  dissipated  in  the  form  of 

volalib  pntdiicts. 

Hmw,  tii««i,  wo  have  a  ready  test  of  organic  mattor,   which 
it  M    ehamoteristic-,    tliat    we    might    almost    dcUuo    Organio 
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^^ 


m 


ate  Imted  «<  viMik  a*  mHH 
hat  vUck  kBT»   bea  ohtuaed  bjr 
podacte  to  Twitoi  tnttiw  bm:  ta  tkal,fari 
M  ia  vkit  i*  called  the  ^eeliai^ii 

MMb  wihtoaew  ••  aephthi,  aapUkaline,  Ae. ;  or  (•] 

•f  diloraw  or  brtaiae,   of  adplwae  or  aitzie  addi,  ct' 
,  fte.,  bjr  aQ  wUcb  meana  wiMie  aetiea  of  oev  oampovMb 
Laatlr,  aoae  rery  iattitatiiig  and  inpottaat  oom- 

r4*  ara  ioeluded  aniler  the  Urm  ovganie,  wUdi  anae  from 
■Jdition  of  elements  not  aatunllr  ooeuniag  ia  the  organio 
{kiogiloni  ;  ■•  for  example,  kakodrle  and  ita  tompoimds,   whioh 
■laid  arw'nic  lu  so  eueotial  constituent ;  and  the  Teiy  singalar 
in  which  xinc,  tin,  and  aulimony  are  added  to  aome  of  iha 
fnaiial  i'I('in>nta  of  organic  alkaliea. 

Ilul  white,  na  ho*  juiit  bt-en  itutod,  eomponnd  radicals  are  not 

etcluiivt-ljr   cbaract<!ri«tic  of    organic  chemiBtry,   wo   may   (till 

Idnrivo  ({foot  aMintanoc  from  ntttoding  to  the  compound  radicals 

1  of  fTiraiiic  nhrniiitry.     For  while  we  admit  the  exiatenoe  of  saoh 

I  rMlxtnl*  in  inorifunio  nhomirtry,  along  with  simple  radicals, ; 

^BiURt  hiar  lu  niiiicl  that  uU  the  organic  radicals  as  yet  discovs 

mil,  and  many  of  thom  exceedingly  oomplex,  oontainin^ 
M  ir  I'lunmln.  ' 

11  la  Iniii  Uml  wc  ore  not  yot  aoqnaintcd  with  the  radinUs  of 
a  T<»ry  lnrKo  (irufKirtlon  of  organic  compounds;  such  as  the 
'  prlnni]ial  iirir«iiin  iici(l«,  thr  orgnuio  alkalies,  &c.  But  the  known 
llrfKoilK  r»<ll.  i«l«  fuminh  ui  with  the  means  of  classifying  many 
laxnl  lrii|>'iitiiiit  >iil.ilnnoc<,  just  as  we  ohuaify  the  compounds  of 
[»Jiy  in.Uilli.l.l  or  of  any  tni>t«l  together.  As  to  those  groups  or 
of  organic  oompuuDds,  the  radicals  of  which  are  not  yet 
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only  class  them  aocording  to  BOJilogics  of  pro 
it eotnpogitioti,  or  of  both. 
With  Uivse  uitro<iuctoi7  remarks,  we  shall  prooeed  to  consider 
tka  known  org^c  oompound  radicals,  and  their  derivatives. 


COliTOVHB  OBOASaC  KAOICAU. 

A  compound  radical  is  a  substaaoe  which,  althongh  contaiuin^ 
or  more  elements,  enters  into  combination  with  clerayntary 
:%  as  if  it  were  itself  elementary,  and  in  ordinary  oircom- 
ices  performs  exactly  the  part  of  an  element. 
We   have   admitted    (Inorganic    Chcraistrj')  as   probahle   the 
existence  of   inorganic    compound   radicals,   such   as   SOt ,   tba  - 
radical  of  sulphuric  acid,  and  N0«,  that  of  nitric  acid.     Thvstj 
bodies    ore,    in    their    relations   to  others,   entirely   analo^ua] 
to    chlorine.     Thus  we   may  represent  the  acids  of  these  three] 
ndiioals,  with  their  potasmum  and  silver  salta  aa  follows : — 


^ 


r  Chlorine 
Baaitalsi     SO. 
I    NO. 


Add. 


u  +  a 
a -^80. 
a  +  No. 


PoCaMtom 
Salt. 


BUnr  Salt. 


K  4-Cl 
K  +  SO4 
K  >N0. 


Ag  +  CI 
Ag  ^  80. 
Ag  +  HO, 


The  compound  inorganic  radicals,  SO4  and  XOo,  therefore, 
perfonn  exactly  the  port  of  a  metalloid  of  the  group  of  chlorine. 

But  there  have  also  been  briefly  mentioned,  in  the  First  I'urt, 
certain  compound  organic  radicals,  which  not  only  exhibit,  in 
tbeir  rtlations,  chanoten  analogous  to  those  of  chlorine,  but 
•ctoally  exist,  like  chlorine,  in  the  separate  state,  which  is  not 
tb*  «••«  with  SO.  and  NUe,  these  latter  being  only  known  in 

001)  " 

■<:  radicals  here  alluded  to  are  Cyanogen,  C%  V  s= 
Cy  lie,  Cm  Hmsi;  Me.  They  may  be  compared  to  chloriue, 

txa,  :  he  two  above-mentioned  inorganic  oompound  radi- 

lliua, 


r  Chlorine  CI 

•  <  CyMiogt'ii  Cy 

(.MdUiiu!  Me 


PoUalum 
Suit. 


BUrer  Salt. 


+  CI  Ag  +  CI 
+  Cj  Ag  +  Qy 
+  Me     Agi  +  Mc 


GjfUkOgsa  ft&d  Uellone  are,  therefore,  radicals  of  the  nature  of 
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the  clilorine  group  of  metalloids.  The  bUulpburet  of  cyanogen, 
or  gulplio-cyanogeii,  C,  N  Sj  =  Cy  Si ,  although  it  contuiis  three 
elements,  pluys  the  eanie  part  as  dilorinu  or  oyanogvn,  and  form* 
(rith  hydrogen  the  acid  H  +  Cy  S, ,  with  potAssium  (ihe  salt) 
K  +  Cy  8, ,  and  with  silver  (the  salt)  Ag  +  Cy  81 . 

Some  com}K>und   organic  radicals   appear  more   analogous  to 

tlio  ouuihustible  group  of  metalloids,  that  is,  to  carbon,  sulphur, 

or  phosphorus ;   inasmuch  as  they  form   acids  with  oxygen,  or 

inther  with  the  elements  of  water  like  those  metolluids,  and  are 

esidcs  copabic    of    entering   into  combination   with    oliloriiie, 

&c.     Such  radicals  are,  carbonic  oxide,  C  O,  or  rather 

polymcrio  modiHcation  of  it,  Cs  Oi  ;  acctyle,  C\  1I>  ;  and 
fonnyle,  C«  II.  Each  of  these  may  be  viewed  as  the  radioal  of  • 
powerful  acid ;  for  C,  0,  +  O  =  C,  Oa  is  dry  oxalic  acid  ;  C« 
Hi  +  Oa  is  dry  acetic  acid ;  and  Ci  H  -f-  Oa  is  dry  formic  avid. 
Again,  the  first  forms  with  clilorine  the  compound  C»  Oj  +  Clg , 
oalled  phosgene  gas  or  cliloro-carbonic  acid,  while  the  two  others 
yield  C,  U3  +  CI,  the  chloride  of  acctyle.  and  Ci  H  -f  01*,  the 
perohloride  of  formyle. 

Further,  tbcre  arc  organic  compound  radicals  which  play  the 
part  of  metals,  forming  salts  with  chlorine,  iodine,  sulphur, 
cyanogen,  &c.,  and  yielding,  with  oxygen,  compounds  possessinj^ 
basic  properties  analogous  to  those  of  metallic  oxides.  Snoh 
radicals  are,  ethyle,  C»  Us,  mcthyle,  C«  Ha,  and  kokodyle, 
C*  I]«  As,  bckides  others. 


lUdlMla. 

Oxygaa    1   Chlorina 
CftmixniDd. '  Ootnpound 

CyMiOKni       BnlflHir 

"•    ■     ■.  H.  =  Ae          1       AeO           Ae  CI 

H.  =  Mt              Mt  0           Ml  CI 

;.^.  .,.,  L'.Jl.  Aji=K"tI  1       KJO      j     KdCl 

Ae  Cy     I     Ae  S 
MtCv          MtS 
K.lC'r          KdS 

I.astly,  there  ore  some  compound  organic  radicals,  which 
partake  of  the  characters  of  the  two  laxt  groups,  forming,  like 
tlie  aootyle  group,  acids  and  not  bases  witli  oxygen  ;  but  yielding, 
with  chlorine,  sulphur,  cyanogen,  &c,,  compounds  analogous  to 
tliose  formed  by  the  ethyle  group.  To  this  division  belong 
Benwyle,  Ci«  lU  0,  =  Bz;  Cinnamyle,  C,e  Hs  Ot  =  Ci ;  and 
soTeral  others.  Ben/oyle  and  cinnamyle,  with  the  addition  uf 
oxygen  and  the  elements  of  water,  produce  benzoic  acid,  Bz  O,  IIO, 
and  cinnnniio  acid,  Ci  <),  IIO.  This  group  is  oharucteriscd  by 
forming  with  hydrogen  certain  essential  oils.  Thus,  bcnxoyle 
yields,  with  hydrogrn,  the  essential  oil  of  bitter  almondt,  B«  H  ; 
'.oinounyle    ^Ids  the  oil  of  oinnouun,   Ci  U;    and  aalicyle, 
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O.  =Sa,  anoUier  radical  of  this  group,  forms  with  hydro- 
be  ail  of  spircca,  Sa  U. 

brief   statements  will    Berre   to  show  that  there  are 
ASsent  kinds  or  groups  of  compound  radicals,  ju^t  as  tliere  are 
«f  ItnilJe  UDes  ;  and  further,  that  these  oompoand  radicals  exliibit 
»  ▼wy  r«'inarkable   tendency  to  combine  with   simple  radiouls, 
■od,  in  fact,  to  act  the  port  of  elementary  bodies.     And  let  ua  \ 
here  bear  iu  mind  that  the  only  real  difference,  in  this  point  of  I 
\iew,  betweon  cyanogcti  and  chlorine  in  this,  that  in  the  case  of  l 
tht<  furtuer  we  can  prove  the  radical  to  bo  compound,  while  we  ' 
cannot  as  yet  do  tliis  in  Iho  case  of  the  latter.     Uut,  as  formerly 
p>jint<id  out,   we  call   chlorine,   and  indeed  all  otlivr  t'lemonts 
simple,  only  l>ecau«<>  we  hnvc  not  boen  able  to  show  them  to  ht 
compound  ;    without  having  any  certainty  that  they  are  really 
•ud  atuolately  simple.     If  wo  could  not  resolve  cyanogen  into  ' 
otrbon  and  nitrogen,  we  should  bo  compelled  to  add  it  to  the  Uit  ' 
at  ekuacnts. 

•JtliuUfch   roni|inund   ndicnls   usually  act  towards  other 

■a   if  Mmple,  and  couM-qucntly  combine  grncnilly  with 

sniietanoei,  they  are   also  capable  of   uniting  witli  each 

In  fact,  this  is  but  another  proof  of  their  close  resem- 

Ufluw    to   cirmeutary  bodies   in  their  relations  ;   for  us  simple 

atetala,  luoh  u  potassium  and  silver,  unite  with  cyanogon  just  a» 

itii  «hlorin«,  ao  alao  such  compound  radicals  ns  nro  iiDolngous 

I  metals  can  combine  witii  cyanogen,  itself  a  compound  radicoL 

thus  ethyle,  motliylc,  bcnioyle,  and  kakodylc,  all  combine  with 

yanoc-i  n    \ii'1fiing  compounds  formed  of  two  organic  radioola, 

on«  j  ;iart  of  a  metalloid,  the  other  that  of  a  metal. 

<"'■  ■   ''ms  tuture  furnish  the  very  best  proof  and 

Ivautjiges  which  we  derive  from  the  doctrine 

Mj.wiiuw    liiiii.ain,  acting    like    elements,  whenever  we  are 

by  facts  in  ndi>(iting  and  applying  it.     Thus  a  comfxiund 

aod  by  the  mutual  action  of  a  compound  of  kakodyle 

atind  of  oyauoiren,  the  analysis  of  which  proves  that 

n,  and  arsenic,  in  the  relative 

propurtioji  ;  I  C«  IU  N  As.     What  view 

are  wv  to  Loktj  ui  tuuh  a  Icinuulu':'  and  if  we  look  on  the  com- 

yuaail   oa   one    formed  of  these   four  elements  indiscriminately 

W^^^U^  huw  «re  we  lo  retain  such  an  isolated  fact  iu  Die  memory  ? 

^^^^K  OD  tbo  vtlicr  hand,  we  virw  it  as  the  cyanide  of  kakodyle, 

^^^^BnA*  +  CiN,  or  using  the  abbreviated  notation  appropriate 

^^^Htopoond  radicals,  Kd  Cy,  wo  are  at  once  enabled  to  retain 

^^Pk«  eompositinn  and  chcuiiciil  p  litions  of  the  compound.     More- 

^mnv,  when  wc  tind  that  tli-  radicul,  Kd  (=  C.  Ho  As)  exists  in 

a  »epBrat«  furu,  oud  that  it  forms,  with  oxygen,  two  compounds, 


iiiiSliii 


oieuuni 

■mw. 

i 
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Kd  0  and  Kd  Oa;  with  oblorine,  Kd  CI;  with  sulphnr,  KdS; 
aod  Uiat,  in  short,  it  plays  the  pa.rt  of  a  metal  ia  all  ita  oom- 
)  pounds,  and  may  in  fact  be  separated  from  some  of  theso  by 
I  (  metals  having  stronger  affinities  than  itaelf,  we  are  supplied  with 
an  idea  which  serves  to  connect  and  to  fix  all  these  and  many 
more  analogouti  foots  in  the  memory. 

When  we  further  observe,  to  pursue  the  same  example,  that 
the  cyanide  of  kakodylc,  Kd  Cy,  when  acted  on  by  hydroohlorio 
acid,  gives  rise  to  hydrocyanio  acid  and  chloride  of  kokodyle  ;  and 
that,  when  acted  on  by  potash,  it  yields  cyanide  of  potassium  and 
oaude  of  kakodyle,  we  acquire  so  many  additional  proofs  of  tho 
entire  analogy  between  simple  and  compound  radicals  in  their 
I  relations  to  other  bodies.  For  the  two  changes  or  reactions 
above  mentioned  ore  expressed  by  the  equations,  Kd  Cy  +  H 
Cl=  Kd  CI  +  H  Cy  ;  and  Kd  Cy  +  K  0  =  Kd  0  +  K  Cy ;  and 
these  equations  aro  exactly  similar  to  those  whioh  occur  moet 
frequently  in  inorganic  chemistry. 

The  facts  already  ascertained  with  regard  to  those  oomponnd 
organic  radicals,  whose  existence  has  been  either  established,  or 
rendered  highly  probable,  entitle  us  to  conclude  that  all  organic 
compounds  contain  one  or  more  organic  radicals,  combined  either 
with  each  other,  or  with  elementary  radicals.  In  studying,  tliere- 
fore,  any  orgiinic  product,  one  chief  object  is  to  determine  what 
organic  radical  or  radicals  it  contains,  since  the  knowledge  of 
I  these  at  once  gives  us  a  means  of  olassitication. 

Thus  alcohol,  on  the  theory  of  compound  radicals,  is  considered 
as  the  hydrnted  oxide  of  cthyle  ;  ethyle  being  an  organic  radical, 
C*  H«.  So  that  alcohol,  C*  Ho  0«,  is  more  accurately  repre- 
sented as  (C.  II»)  O  +  H  0  ;  or,  if  we  represent  cthyle,  C»  H», 
by  Ac,  tlien  alcohol  becomes  Ae  0,  H  0,  hydrat«d  oxide  of 
othyle ;  perfectly  onalogou*  to  K  0,  HO,  hydrated  oxide  of 
potassium,  or  oaustio  potash. 

Again,  benzoic  ether,  Cu  Hio  O* ,  ia  viewed  aa  benzoate  of 
oxide  of  ethyle,  C«  H»  0  +  Cu  Ub  0»  ;  or,  more  briefly,  Ae 
0  +  Dz  0.  Here  we  have  the  basic  oxide  of  one  radical  united 
with  the  acid  oxide  of  another. 

It  is  often  by  means  of  thus  tracing  the  different  organic 
ndioals,  that  we  are  enabled  to  explain  the  very  numerous  oaaes 
of  isomerism,  whioh  occur  in  organic  chemistry.  Thus  the  follow- 
ing compounds  have  Uio  same  composition  in  100  parts  : — 


Aldehyde 
Acetic  Ether 
Butjrrio  Acid 


CiH.Oa 
C.  H.  04 
C.U.O. 


>Id«byd«  ia  oeuidered   to  be  the  hydrated  protoxide 
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(C<H,)  O  +  H  O  ;  or,  Bbbrevittted,  Ac  O,  HO.  Again, 
eUitT  is  icvtAte  of  oxiJv  of  ctlijlo,  CtU»0-t-  C, il»  0»; 
fr,  Bh<irtiv,  Ae  0,  Ac  O. ;  the  dry  awtio  aeid,  Ao  Oj  =  (Ct  H« ) 
being  a  pvroxide  of  the  same  radical,  aovtyle,  (C»  Ut  = 
ic)  ot  which  aldehj-de  ia  the  protoxide.  Lastly,  butyric  avid  is 
lured  (on  the  older  rieir  of  acids)  as  a  hydrated  acid,  a 
mud  of  water  with  dry  batyric  acid;  thiu,  II  0  -f-  C« 
Ir  Oa.  It  is  true  that,  in  the  latter  Oiue,  we  are  not  yet 
joaintcd  with  the  true  radical  of  butyric  acid  ;  but  we  cannot 
lonbt  that,  like  acetic  acid,  it  does  contain  a  railiu-al,  butyrylo, 
lir.  These  three  comiMiiuida,  therefore,  may  now  bo  tvpre- 
1  aad  distingoithed  as  follows : — 

Emiiiiiol  FunnuU.  ItttioDtl  Formal*. 

Aldehyde  .        .     C.  H.  <>i  =  (C.  II. )  (J    +  HO 
Acetic  Blhex     .     C.  Uj  0.  =  (C.  H.  )  0    +  (C4  H»)  0» 
Butjric  Acid     .    C<  Hs  0.  =  (C  Hr )  0>  ■»■  HO 

Even  in  those  cases  in  which  the  compo»ition  of  the  radical 

not  known,  or  not  known  with  certainty,  wc  can  often  trace 

rMdiool   with    much    probability.      Thus,   dry   oxalic   acid, 

-  Cs  Os,  and  dry  mellitic  acid,   Ct  Oi ,  may  be  viewed  as  dill'crcnt 

compounds  ol  the  simple  radical  carbon,  the  latter  containing 

just  twice  t}i*  proportion   of  carbon   to  the  same  quantity  of 

»xygen  that  tlie  former  does.     This  is  merely  stated  by  way  of 

Joatration ;  for,   it  is  at  least  equally  probable  that  the   true 

.  of  oxalic  acid  is  d  Oi . 

But  in  the  following  four  acids  wo  may  trace,  theoretically, 

be  same  compound  radical,  namely,  fonnyle,  =  Ci  H,  in  oom- 

binadoD  with   ditferent  proportions   of  oxygen.     Here  Ci  U  ia 

1  alao  tepreaented  by  Fo. 

Formic  Acid  .  (Ci  H)     +  0>  =  Fo  0. 

SuDonbe  Acid  .  C.  H.  Oi  =  2  (Ci  H)  +  Ox  =  Po.  Os 

lUlin  Acid  .  .  C.  II.  0.  =  2  (C.  H)  +  0.  =  Po.  0. 

Baoemio  Add  .  C.HiOi  =  2  (CiH)  -t-  Oi  =  Fo<0> 

These  relations,  althongh  as  ret  only  to  be  traced  in  the  fonnuln, 
■N  yet  not  without  interest,  and  may,  at  all  events,  serve  to  aid 
fibe  Bemory,  and  explain  decompositions. 

In  like  manner,  it  may  be  observed,  that  the  following  acids 
all  contain,  as  hydrates,  4  eq.  of  oxygen  :  and  all  likewise  the 
same  namber  of  eqs.  of  carbon  as  of  hydrogen.  And  it  is  most 
important  to  remark,  that  the  whole  of  this  series  of  acids 
poaaeas  analogous  pmperties.  All  are  volatile,  oil  but  the  two 
flnt  arv  oUy,  and  Ihcir  fusing  and  boiling  points  rise,  as  th"* 
NBlMr  of  equivalents  uf  carbon  and  hydrogen  increases.    We 


10 


COMPOUND   OBQANIC   BADICALS. 


ahall  Me  that  this  is  not  the  only  eeries  of  the  kind  in  oiganie 
ohemistry. 

VoUaUe  and  Oily  Aeidt  of  the  General  Formula  (Ci  H> )  •  O4 . 


1.  Formic  Acid 

2.  Acetic 
8.  Propylio 
4.  Butyric 
6.  Valerianic 

6.  Caproic 

7.  (Enanthjlic 

8.  Caprylic 

9.  Pelargonie 

10.  Oapric 

11.  Margaritic 

12.  laaroatearic 
IS.  Codnic  , 

14.  HyrUtic     . 

15.  Benic 

16.  Etbalie      . 

17.  Hargaric 

18.  Bamic 

19.  Baleoic 

20.  New  Acid 

21.  Beh«nio . 

22.  Cerotic 

23.  Meliasic  . 


=:C>  Hs  O4 
=  C«  fl«  O4 
=  Ca  H*  0« 
=  C>  Hs  O4 
=  Cio  Hio  0« 
=  Ci>  Hit  O4 
=  Ci.  Hi»  O4 
=  Cia  Hia  O4 
=  Cii  Bii  O4 
=  do  Hk  O. 
=  Cn  Hn  O4 
=  C«  H>4  O4 
=  Cm  Hm  O4 
=r  Cm  Hm  O4 
=  C>o  Ux>  O4 
=:  Cu  Hu  O4 
=  C3.  Hj4  O4 
=  Cm  Has  O4 
=  Cm  Hm  O4 
=  C40  U«>  0* 
=  Cu  H41  O4 
=  Cm  Hm  O4 
=  Cw  Hoo  O4 


Here  we  may  suppose  the  radical  of  the  first  acid  to  have  been 
changed  by  the  successive  additions  of  2,  4,  6,  10,  or  20,  or  more 
eqs.  of  carbon  and  hydrogen,  the  oxygen  remaining  unchanged. 
Or  ■we  may  as  readily  suppose  one  of  these  acids,  by  losing 
oxygen,  to  pass  into  another.  Thus  we  may  either  conoeiTe 
but}rrio  acid  to  be  formed  from  acetic  acid  by  the  addition  of 
Ct  Ha ;  or  acetic  acid  to  give  rise  to  butyric  acid,  by  losing  half 
its  oxygen;  for  2  (C«  H*  0»)=  Ce  Hs  Os;  and  C»  Hs  0»  — 
Oa=C»H»  Oa. 

When  compound  organic  radicab,  or  their  compounds,  are 
subjected  to  powerful  decomposing  agencies,  they  tend  to  produce 
new  and  less  complex  radicals.  Thus,  when  alcohol,  the  hydrated 
oxide  of  cthyle,  is  oxidised,  it  gives  rise  to  aldehyde  and  aoetio 
acid,  which  arc  compounds  of  acctyle,  Ca  Ha,  a  less  complex 
radical  than  ethyle,  Ca  Ha .  Further,  when  organic  compounds 
are  decomposed  by  a  strong  heat,  they  tend  to  produce  compounds 
of  simple  radicals,  such  as  carbon  or  hydrogen,  or,  at  most,  of  the 
least  complex  radicals,  such  as  cyanogen,  Ci  N,  and  amidogen, 
N  Hi .    Those  are  principle*  of  very  general  application. 
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It  may  here  be  obscrrcd,  that  while,  in  such  e«s«8  as  the 
imeU  conversion  of  acetic  into  butyrio  ncid,  by  the  loit  of  half 
I  oxygen,  the  change  is  from  a  less  complex  to  a  more  com|ilex 
er^anic  compound,  and  while  we  can  hardly  doubt  the  possibility 
of  such  a  result,  yet  the  oxidatitm  of  a  connwand  radical,  that  is, 
the  addition  of  oxygen,  appears  always  to  pruduce  leas  complex 
fadicals  or  compounds. 

It  is  often   ui^ed,    as  an  argoinent  against  the  doctrim*  of 
oompoond    radicals,   that    these   supposed  radicals   arc  entirely 
imaginary  and  cannot  be  produced.     Kow,  it  is  true  that  a  large 
proportion  of  those,  whose  existence  is  best  att«sted,  haw  Dot  yet 
been  obtained  in  the  uncombined  state ;  and  it  is  even  probable 
that  some  uf  them  are  only  capable  of  existing,  or  rather  of  being 
preserved,  when  combined.     But  the  argument  founded  on  tlus< 
tact  has  no  oogency  ;  for,  in  (he  first  plavc,  some  orifanic  radicals, 
such  as  cyanogen  and  kakodyle,  are  well  known  in  the  seiiarate 
•tate.     Now  cyanogen  and  kakodylu  are,  in  all  their  relations, 
SL'lly  analogous,  the  former  to  chlorine,  the  latter  to  a  metal : 
.ii  wc  were  unable  to  dcmoustnite  their  compound  nature, 
hemicol  relations  would  compel  us  to  classify  cyanogen  as 
^Uieot  along  with  chlorine,  and  kakodyle  along  with  the 
and  when  we  see  whole  series  of  organic  compounds,  in' 
■  I-  •■' ■•logons  to  Ihoie  of  cyanogen  and  kakodyle,  we  ore 
iy  to  draw  the  conclusion  that  these  compounds 
iMiiiii.ii   comjwund    radicals,    even   although  we   cannot 
I  them.     Secondly,  in  every  chemical  theory  yet  broached, 
'  suhstanoes  are  admitted  whose  existence  cannot  be  dirvctly 
prored  ;  but  it  fre<iuently  happens  that  the  progress  of  discovery 
rrrcni     '         '  i-inally  hypothetical  bodies.  Thus, 

I       $lu  HI-     .  acids  were,  almost  without  excep- 

^^^^^^hbi>Mh  !U  ill'  tate;  they  were  equally  imaginary 

^^^^^HJI^h'^i fills  win  ,iue  is  doubte<l.     But,  as  wo  shall 

^^^^^BP  )iy  the   ocliuu  of  perchloridc  of  phosphorus,  has 

^I^HBi  1  a  large  number  of  these  very  anhydrous  organio 

MHf  r,  many  inor^anio  acids  are  hypothetical.    Auhy- 

'  1km  only  very  reoeully  been  dis<.'OVere<l,  iind  no 
uce  of  hyposulphurous  acid,  whii;h  yet  has 
.  ,  —  1,  litlier  as  a  liydnxte,  or  in  tho  anhydroua 
■tate.  Lastly,  tlic  progr>'«s  of  research  is  doily  adding  to  the 
number  of  radicals  known  in  the  separate  form.  Within  tho  lost 
two  or  three  years,  ethylc  and  live  or  six  other  radicals  of  the 
■ama  olass,  or  at  least  bodies  of  the  same  composition  as  tboee 
ndleals,  hare  been  disoovcrfd,  besides  several  entirely  new  oloMea 
of  radicals. 

W«  oonolodc,  there&re,  that  organic  compound  radicals  exist, 
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and  generally  play  the  part  of  elements ;  and  we  ih«11  trtS 
ourst'lvea  of  their  exist«>nce,  as  far  as  it  is  cstablishod,  to  faciliuti 
tlie  Ktiidy,  the  dassilioation,  and  the  retention  in  the  memory,  sf 
orguiuo  uumiwimds, 

THEORT  OF  CHKMICAL   TTPES. — DOCTRnfE    OT  StTBSTITUTIOJI. 

The  original  and  ingenious  researches  of  Laurent  have  led  ta 
the  adoption  of  what  is  calKd  the  Theory  of  Types  and  the  Law  or 
Doctrine  of  Substitution,  which  have  been  supported,  and  ta  t 
great  measure  established,  by  Dumas  and  other  distinguished 
experimenters  of  the  French  schoul.  The  views  of  Laurent  and 
of  Dumtis  were,  fur  a  time,  vehemently  opiiosed  by  some  chemistf, 
especially  by  Dcrzeiius  and  Lie-big  ;  but  although  they  have  is 
ome  points  been  modified  and  restricted,  the  progress  of  discomr 
I  gradually  led  to  their  general  reception,  so  that  some  of  tiie 
,  striking  illustrations  and  proofs  of  the  law  of  substitatioD 
Itave  been  discovered  by  Dr.  Ilofmann,  when  assistant  to  Btroo 
Liebig,  and  working  under  his  eye. 

As  the  subject,  tlierefore,  is  no  longer  purely  controTerrial,  it 
would  be  wrong  to  omit  it  in  an  elementary  work,  more  especially 
MB  the  doctrine  has  now  taken  such  a  form  as  to  facililate  very  muah 
te  study  of  organic  compounds  and  of  their  metamorphoses. 

It  is  not  easy  to  deQne  a  chemical  typo ;  but  in  inorganic  olie* 

mistry  we  may  say,  for  example,  that  cue  principal  type  is  that  of 

I  water,  H  0,  in  which  one  equivalent  of  an  electro- positive  element 

(la  united  with  one  equivalent  of  an  electro-negative  element.     Of 

great  typo,  which  is  also  prevalent  in  Ortpinic  Chemistry,  then 

I  many  forms  or  cIosbce.     Thus,  hydrochloric  acid,  H  CI,  is  the 

type  of  a  very  numerous  class  of  acids,  the  character  of  which  is 

that  tliey  contain  hydrogen  united  to  a  salt  radical. 

If  for  clilorinc  we  substitute  iodine,  bromine,  &o.,  or  even 
cyanogen,  the  type  remains  unchanged,  the  compound  is  still  an 
acid,  analogous  to  that  which  was  selected  as  the  type. 

Again,  common  salt,  Na  CI,  is  the  type  of  a  very  large  serieaof 

(•alts,  in  which  a  metal  is  united  with  a  salt  radical ;  and  if  we 

■ubstitute  potassium,  lead,  or  silver  for  the  sodium,  the  type  is 

unaltered  ;  we  obtain  a  different  salt,  but  still  a  salt  of  the  type 

represented  by  Na  CI. 

Here,  then,  we  have  the  simplest  types  and  the  most  obviovi 
case*  of  sub&titution  ;  when  iodine  or  cyanogen  is  substituted  for 
chlorine  in  the  acid  type ;  or  when  potassium,  leod,  or  silver  i« 
^hstituled  for  sodium  in  the  salt  type ;  in  both  cases  without  the 
I  of  the  t>^te. 
!lay,  in  the  salt  type,  represented  by  Na  CI,  we  may  not  only 
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ium  by  other  tnetak,   but  we  may  also  rabatitute 

SmiQC,  &o.,  or  cyanogfn  for  the  vhlortue.  and  Btill  tho 

type  will  remam  unchanged.     Iodide  of  sodium,  Na  I,  bromide 

gnesium,  Mg  Br,  and  cvaiiide  of  «ilv«r,  Ag  t'y,  arc  all  as 

unples  of  the  salt  type,  represented  by  Na  CI,  as  oommoa 

iRllBclf  i«. 

The  whole  of  the  compounds  just  alluded  to  are  of  the  ty|M  of 

VSter,  but  this  is  not  the  only  great  type  or  series  of  types  ;  for 

w«  have  the  type  of  ammonia,  N  Ui ,  to  which  belong,  in  inorganio 

chemi^tni',  various  compounds  of  nitrogen  with  metals,  and  which 

is  still  more  fre<{ucnt  in  organio  chemistry. 

Chemists  have  very  reoently  come  to  be  of  opinion  that  many 

^beoomeua  are  better  understood  by  giving  to  the  chief  types  a 

omewhat  different  form.      Thus,   the  type  Metal  ia  now  often 

*  H  ) 

Wprwanted  V  n  (  •   hydrogen  baring  all  the  chemical  relations 

^•f  a  ffletol,  and  being  the  representative  of  metals.    The  type 

Tater  lAea  becomes  u  q  (  ;  the  type  Acid  becomes  „  ,,,  J  ,  hy- 

drDohicric  acid  being  the  representative  of  acids ;  and  the  type 

") 

Ammonia  is  thus  written  N  H  } .     It  is  fotmd  that  by  nsins 

Hj 
I  formnire  or  symbols,  many  changes  are  more  easily  expressed 
I  understood.     We  shall  frequently  use  them. 
So  £>r  as  inorganic  chemistry  is  concerned,  the  study  of  types 
Jd    »prTe  grnerslly    to    confirm  and   establish   the  electro- 
E  chemical  theory.     At  all  events,  wc  are  not  ns  yet  acqaainte<!  with 
■  exceptions  to  it ;  we  do  not  usually  find  oxygen  or  chlorine 
ng  the  place  of  A  in  a  oompouud,  or  a  metal  playing  the 
i  of  X.     Even  in  inorganic  chemistry,  however,  there  are  some 
FxanpUa  of  such  interchanges.     Manganese  in  manganic  acid, 
f  n  0> ,  and  chromium  in  chromic  acid,  Cr  0> ,  obviously  represent 
fie  laiphur  in  sulphuric  acid  ;  and  tho  manganese  in  h^'permiin- 
Bic  acid,  Mn«   0; ,  represents  the  chlorine  in  perchloric  acid, 
[  O]  :  while,  in  its  other  compounds,  mang.'Uiese  acts  as  a  metal. 
Ir  IV,  manj"   substances,  at  first  sight   not 

just  named,  are  easily  referred  to  them. 
iul,  11  0,  S  0» ,  or  II,  SOi,  is  of  the  type  Acid,  and 
I  to  be  BO  by  the  second  of  the  formulnj  hero  given, 
I  which  S0»  takes  tho  place  of  C"l  in  hydrochloric  acid.     But  it 

ay  »l»o  be  referred  to  the  type  Water  jj  j,  |  ,  thus  p^^y  |  ;  in 

which  fulphnron*  acid,  SOt ,  has  token  the  place  of  one  of  the 
rq.  of  hydrogen,  or  what  comes  to  the  some  thing,  onhydroua 
(ulpharie  acid,  K0> ,  is  =  60i ,  O. 
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In  like  manner,  in  organic  clieraistry,  most  oompouads  can  lie 
referred  to  one  or  other  of  the  chid'  types.  For  exumple,  EthyU, 
like  hydrogen,  is  analogous  to  metals  ;  aod  its  formula,  C*  Ui,  ti 

TT    J  TT  ) 

easily  rcftrrcd  to  the  type  Metal,  j.  [   thus,  q^  „    >    where   on* 

of  the  atoms  of  hydrogen  is  replaced  by  C*  H* . 

But  the  researches  of  Laurent  and  Dumas  have  shown  that  in 
organic  chemistry  the  substitution  of  one  element  for  another, 
even  where  the  type  is  retained,  is  not  limited  by  the  eleotrioal  * 
character  of  the  elements.  Thus,  in  acetic  acid,  H  0,  C«  H»  0», 
the  3  eq.  of  hydrogen  in  the  anhydrcjus  acid  may  be  replaced  by 
chlorine,  giWng  rise  to  the  compound  H  O,  C«  CIi  Os,  in  whioh 
the  type  is  so  little  affected,  that  this  substance,  chloraoctic  acid, 
has  pioperties  highly  analogous  to  those  of  acetic  acid.  Here  it  ' 
is  evident  that  the  chlorine  performs  the  same  function  us  the 
hydrogen  which  it  replaces  did ;  and  not,  as  in  hydroohlorio  add, 
an  opposite  function.  { 

Again,  in  aldehyde,  (C*  Hs)  0  +  H  0,  the  3  eq.  of  hydrogen  in  | 
the  radical  C«  Hs  may  be  replaced  by  3  eq.  of  chlorine,  and  we  I 
then  have  chloral,  (C«  Cli )  0-f  H  O,  a  body  of  the  same  type  m  i 
aldehyde.  ] 

Such  cases  of  substitution  of  chlorine  (iodine,  bromine,  4e.)  ' 
for  hydrogen,  and  even  of  oiygeu  for  hydrogen,  without  change 
of  type,  are  very  frequent ;  and  it  is  this  kind  of  substitution,  so 
adverse  to  the  tlectro-ohemioal  theory,  which  is  included  in  the 
theory  of  substitutions  of  Laurent.  Those  more  usual  substitu- 
tions, where  one  body  is  replaced  by  another  of  similar  electric 
characU-r,  may  be  viewed  as  su  many  examples  of  the  doctrines  of 
equivalents,  the  replacing  body  being  equivalent  to  that  for  whioh 
it  is  substituted,  on  the  electro-chemical  theory. 

Adopting,  then,  the  views  of  Laurent,  wo  are  compelled  to 
admit  that  the  electro-chemical  theory  fails  when  applied  to  oaiea  I 
of  substitution  of  chlorine  for  hydrogen,   &c.,   where  the  type  { 
remains   unaltered.      This    is    clearly    the  ease  in  aoetio   and 
oblorncetic  acids ;  and  llofmanu  has  shown  that  in  certain  basit 
organic  ooraiwunds,   hydrogen  may  be    replaced    by    chlorine,  1 
bromine,  iodine,  and  even  nitrous  acid,  while  the  new  compound  < 
retains  the  basic  type  and  characters. 

The  recent  discoveries  of  Wuriz  and  nofmann  have  taught  us, 
moreovir,  that  the  hydrogen  of  ammonia  may  be  partially  or 
entirely  replaced,  by  certain  compound  groups,  or  compound  j 
radicals,  (uoh  as  melliylu  and  ethylc  already  mentioned,  and 
others  which  In-long  ti>  the  same  scries,  but  stand  higher  in  the 
Kale,  while  the  ri-aiilling  compounds  retain  the  basic  chorot^ter; 
and  Uiost)  which  stand  nearest   to    ammonia  have  eo  great  •  i 
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ablanoe  to  it,  m  to  hare  been  fr«<{aeiitly  token  for  ammonia, 

and  thus  ovcrliolccd,  when  ooourring  accidentally.     These  very 

remarkable  and  im|>ortant  discoveries  have  already  thrown  much 

;  on  the  eonstitulion  of  organic  bases,  and  will  be  more  fully 

plained  when  treating  of  that  class  of  compounds.     Here  we 

hall  content  ounelvcs  witli  giving  a  short  tabular  view  of  some 

these  Bubntilutiun-compounds,  as  they  arc  called,  which,  being 

derived  from  ammonia,  retain  the  type  and  chemical  relations  of 

;  compound. 


Ammtmia 

Metliflanina 

BthjrUmun 

PropjUmine 

Batxlaaim 

Valaamioe 


N  =  rr,  H  H  H 

N  =  N,  H  H  Me 

N  =  N,  H  U  Ae 

N  =  N,  H  U  Pr 

iN  =  N,  H  HBa 


Radical  TvpUdo^ 
1  eq.  of  Hjdiogcn. 


CioUi.N  =  N,  H  H  Vtt 


Me 
Ae 
Pr 
Ba 
V» 


=  Ci  H. 
=  C.  Hj 
=  C.  Qr 

=  0.  H« 
=  Ciu  Hii 


CkprotTlamiiie  Cu  Uu  N  =  B,  N  H  Cpo      Cpo  =  di  Hu 

The  above  bates  are  known  already.  The  two  first  are  gates 
poDgent  and  soluble  in  water,  like  ammonia.  The  rest  are  oils, 
becoming  less  volatile  as  we  rise  in  the  number  of  eqs.  of 
oarbon  and  hydrogen,  but  all  basic.  It  will  be  seen  that  they 
emtKponi,  in  the  radicals  or  groups  wliich  replace  1  eq.  of 
with  the  series  of  radicals  of  which  mtlhylo  and 
■re  the  two  first,  and  throuah  these,  with  that  other 
fat  acid  radicals,  derived  from  them,  of  which  Formyle  and 
I  arc  tlie  two  tin>t,  and  which  may  be  traced  in  the  table  of 
!  acids  given  at  page  10. 

this  is  not  all.     For  not  only  may  one  of  the  three  eqs.  of 

in  ammnnia  be  thus  replaced  by  the  above  six  radicals, 

)  doubt  by  others  of  the  same  series,  higher  in  the  series,  in 

,  as  will  be  »een,  Ci  H,  is  added  at  every  step  :  but  two  or 

'■11  three  e«]».  of  hydrogen  may  be  replaced,  either  by  the 

or  by  two  or  three  diU'erent   groups  or   radicals   of  this 

This    has   been   demonbtrated    by    Hofmann,    who  has 

Urge  number  of   new  basM  in  this  way.      Thus 


SiliTlomeOiylaniine 

C  H.  R  =  N. 

HMe  Ae 

Eili  '             'triino 

CinH..M  =  N, 

H  Ae  Pr 

>!'                    •mine 

C  H..  N  =  N, 

HMePr 

Eti                    Aae 

0„n..N  =  N, 

U  AeDa 

V, 

04  H.  N  =  N. 

II  Me  Me 

l>Ul)i;  litinute 

f.  n   V  =  N, 

U  Ae  Ae 

Tric4lijli>iiiin" 

I'M      \  =N, 

Ae  Ae  Ae 

Slhj-loimrtiijrloprorO'  In'" ' "" 

.:,.u,..N  =N, 

MeAePr 

I  otlaor  giwips,  iKiloujjiug  to  different  series,  may  be  employed,  in 
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the  tame  way,  to  replace  the  hydrogen  of  ammonia.  Tliiu,  aniline, 
Ca  Hr  N,  is  ammonia,  in  which  1  oq.  of  hydrogen  is  rejilooed  by 
phenylc  ^  C,,  llj,  instead  of  mcUiyle  or  ethyle.  And  phenyl* 
is  one  of  a  series  of  which  several  others  are  known,  llofmana 
has  produced  bases,  in  which  tlie  bydrogon  is  replaced,  p;irtly  hy 
phenyle,  partly  by  ethyle,  &c.,  as  will  be  explained  iu  the  sectioa 
on  ArliHciiil  Organio  Bases.  He  has  also  shown  that  the  replacing 
group  or  radical  may  itself  bo  changed  by  substitution,  and  yet 
continue  to  replace  hydrogen,  without  destroying  the  type  of  tht 
compound.  Thus,  in  aailine,  a  base  in  which  one  of  the  three 
equivalents  of  hydrogen  in  ammonia  is  roplacijd  by  phenyle,  one, 
two,  or  even  three,  of  the  eqiiivalents  of  hydrogen  in  the  phenyle 
itself  may  be  replaced  by  chlorine,  bromine,  or  iodine,  and  one 
has  been  replaced  by  nitrous  acid. 

When  we  can  thus  trace  groups,  «uoh  as  those  of  methyle, 

ethyle,  phenyle,  and  others,  replacing  hydrogen,  we   have   not 

only  examples   of  substitution  without  destroying    the  type  of 

I  the  comiwund,  but  we  have  also  an  additional  argument  for  the 

I  I  exist<.-uc«  of  organic  compound  radiouls ;  tliese  groups  being,  in 

fact,  such  r»dio4)ls. 

We  have  nnw  seen  that  substitution  without  change  of  type 
ooours  both  in  acids,  in  baacs,  and,  as  is  proved  by  (he  ease* 
of  aldehyde  and  chloral,  in  neutral  compounds  also. 

Here,  then,  is  a  fact  of  very  general  occurrence,  which  not 
only  proves  that  the  electro-chemical  theory  of  combination  is 
inapplicable,  at  all  events  in  many  cases,  but  also  tends  to 
establish  a  very  different  view:  namely,  that  the  eleotrio 
character  of  on  elemout  is  no  permanent  or  essential  property; 
and  that  the  type  or  charuoter,  or  general  properties  of  a  com- 
pound, depend,  not  only  on  the  nature,  but  very  much  on  the 
arroinjement  of  its  elementary  atoms  :  on  the  way  iu  which  they 
are  grouped  to  form  the  com|Kiund  molecule. 

In  the  section  on  Isomorphism  (Inorganic  Chemistry),  fbe 
prinoiplc  was  laid  down  that  the  crystalline  form  of  certain 
tyjws  of  salts,  such  as  the  alum-type,  as  well  as  many  other 
propertica  of  the  compounds  having  those  types,  were  the  result 
of  the  similir  grouping  of  anahgout  eUmentt.  Wo  now  see  that, 
according  to  the  law  of  substitution,  as  deduced  from  Dumerous 
careful  observations,  similarity  of  properties,  or  identity  of  type, 
is  the  result  of  similarity  of  grouping,  even  of  elements  not 
analogous,  nay,  of  elements  electrically  opposed  to  each  other. 
It  is  evident,  therefore,  that  the  arrangement  of  the  elementary 
molecules  to  form  the  compound  nioleoule  is  the  circumstance  on 
which  depend  almost  exclusively  the  properties  of  the  oompooad, 
or,  in  other  words,  the  oharootor  of  the  type. 
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Stbrtitatioia,  as  has  been  already  stated,  may  be  either  com- 
filto  or  fiartiaL     In  li  '  luid.  and  in  chloral,  the  substitn- 

tioo  of  ohloriae  for  iU  n  of  tLt.>  radical  acetrle  C>  Ex  ia 

esBpl«te.  But  when  cUitr,  \C*  H»  0)  is  acted  on  b_v  chlorine, 
th«  ■tit>«tif'iti'->n  takes  place  by  guownsive  uteps,  one  eijoiralent  of 
bydro-^  ~i  placed  at  a  time,  after  the  oxygen  hoa  also  been 

nplaci  line.     Thus  we  have,  first — 

Ether  or  oxide  of  ethyle    =  (C<  H«)  -I-  0 
tben.  cUoride  of  tt)iyle=  (C>  ilO  -f  01 


ly, 


c 


fH. 

Ici 


cu 


and  laxtlj-, 


C. 
(C.CU)   ■ 


+  CI 
CI 
01 
01 

a 


o^t 

ti. 

b.-. 

on*. 

oi 

c!. 


We  Ulna  obtain  the  aeries  of  oompoandu  here  indioatt'd,  in  which 
lli»  hydrvgeo  is  graduaUy  replaced  by  chlorine,  until  at  loit  we 
■'  [ound  (C.  a«)+CI=C.  n<.=2Ct  CU,  which  is 

!  carbon.    Most  of  thriw  coniixjiinds  have  actually 
■■■■•    1  .  and  it  is  obvious  that  they  may  all  l*  referred  to 
iSuch  a  Borios  is  culled  a  series  of  mechanical  examples 
'  .  or  rather  of  sabty^wB  rutniniiig  the  original 
■  lified. 

la  *uu»c  lUM^f;  1  .  ;:   _•■  i;   til',  been  replaced  partly  by  chlorine 

and  {artly  by  bi.n.iM  ,    i-   w.    have   seen  it  may  be  partly  by 

■attljk  aad  partly  by  elUyk',  &c.     Laurent  has  described  two 

WBpMUula  derivnl  from  naphthaline  by  substitution,  the  empiri- 

«d  formula  for  both  of  which  is  the  following : — C'ao  H»  Cla  Br, 

Tot  tiie  properties  of  these  two  uomirannds  are  quite  distinct,  and 

it  b  Mrtain  that  tliis  difference  of  properties  must  depend  on  a 

dbnan  in  the  arrangement  of  the  elements.     Now,  in  the  for- 

vnUioa  of  these  two  compomids  we  have  a  very  beautiful  proof  of 

tte  I'lisLiLi-c  of  a  dift'ercnoe  in  the  arrangement :  for  one  is  pro- 

■  chlorine  acta  on  the   oompoond  called   by  Laurent 

'  •  •■  Ha  Bn;  while  the  other  is  formed  when  bro- 

'  act  on  chlonaphdse,  C'lo  Hs  Cb .     It  is  obvious 

asG  2  eq.  of  hydrogen  and  1  eq.  of  bromine  ore 

ine ;  while  in  the  second,  1  cq.  of  hydrogen  is 

'  ine.     While,  therefore,  all  four  compounds  may 

bi  the  type  C«>  Hs ,  and  wlulo  both  the  bromine 

ana  chionnf  pi  ay  the  part  of  hydrogen,  it  is  impossible  to  doubt 

tllst  oaell  of  the  B  eq.  of  hydrogen  has  its  special  place  in  the 

C 
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compound  molecule  of  the  tyx)e,  and  that,  in  the  two  emriirioally 
identical  IbrmuliB  above  given,  the  1  eq.  of  bromine  dciojj  not 
rcpUce  the  same  eq.  of  hydrogen,  and  uonsequently  the  bromine 
ocoupieg  in  the  two  compounds  different  positions.  The  mat 
remark  applies  to  the  3  eq.  of  chlorine. 

We  may  UlustTato  our  meaning  as  follows : — Let  C»  n>  bt 
the  t}'pc,  and  let  each  of  the  eqs.  of  hydrogen  have  a  ntunber 
attached  indicating  its  place  in  the  typical  molecule.  Ws 
then  have 

p    r  Hi  H«  Hj  H.  "1 

^^\H>  H«  Hi  H.  J 

Now,  if  we  represent  the  two  compounds  above  mentioned  in  tie 
following  manner,  we  can  then  conceive  the  iuHuenoc  of  nrran^ 
mont  on  the  properties  of  two  oompoonde  ha^'ing  the  same  empi- 
rical formula.     The  first  may  be 

„    r  H.  H.  E,  H*  "1 

'^ICUao  CliBrs  J 

and  the  second  may  be 

p    r  Hi  H.  Hi  Br.  "1 
'^"[Ol.  CleOi  H.  J 

It  is  only  on  this  principle  that  we  can  explain  the  facts  observed 
by  Laurent ;  and  it  ia  easy  to  sec  that  the  above  type,  Cio  H« , 
will  admit  of  iunumernble  modifications ;  for  even  the  subtype, 
Csu  H«  Cla  Itr,  is  capable  of  yielding  many  more  than  tlie  two 
above  given  ;  and  the  change  of  1  eq.  produces  a  new  subtype, 
equally  fertile  in  new  forms. 

In  fact,  Laurent  has  actually  obtained,  as  will  bo  shown  further 
on,  a  very  lorgo  numlxiT  of  what  wo  have  called  subtypos  fmm 
the  types  Cw  lla ,  which  is  naphthaline,  and  has  CHtablished  tha 
same  law  in  reference  to  many  other  tvpes. 

T'ho  sumc  law,  no  doubt,  applies  tu  tlie  bases  derived  firom 
ammonia  by  substitution,  many  of  which,  ns  may  bo  seen  in  the 
tables  above  given,  are  isomeric,  or  have  the  same  cnijiirioal 
formula,  from  a  difference  in  tlie  replacing  groups,  as  diethylomina 
ond  mtthylopropylamine,  botli=C"ii  Hu  X.  Hut  we  mar  alao 
have  casc'3  where  tlie  rcplaeing  group  is  the  same,  but  occupies 
a  different  place  in  the  compound  molecule.  Perhaps  aniline  and 
piooline,  both  f'n  Ilr  N,  ore  examples  of  this.  Ilofmaun,  how- 
ever, has  lately  found  that  no  difl'iTcncc  of  proiK'rties  could  be 
observed  in  (wo  ^la•^e«,  funned  in  different  ways,  and  in  which  this 
principlu  rai^ht  have  acted.     They  were  identical. 

The  prew-ditig  ub-tervattons  will,  I  tnut,  bo  found  sufficient  to 
oonvoy  a  eUar  gvncnil  notion  of  tin;  prevalent  doctrines  of  ehoinical 
types  and  of  substitution,  as  applied  to  Organic  Chcmistrj-.     It 
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is  erident  that  the  ta/ats  of  sabstitution  are  of  f^reat  interrrt,  and 
not  only  enable  um  to  cla»»ify  ami  to  remi.'inber  namerons  com- 
jilfx  fn<"ts,  hnt  promise  to  throw  much  light  on  the  molecular 
I  und  bodi?!!.     But  while  admitting  the  im- 

;.  ne  of  substitution,  it  is  necessary  to  point 

out   lii  vt   'iin    1  •  lists  appear  to  hare  gone  too   far    in 

»!rTiTui?i;r  "I'l  '  '  is  incompatible  with  that  of  comjioand  I 

riiHiil-.  It  i>  ciiliin  tiiat  some  compound  radicals  eiist,  audit  \ 
is  Do  1.  ss  <  •  rtairi  liial  by  asstuuing  their  existence  in  other  caMS, 
TV  Tery  much  facilitate  the  study  of  many  important  ■erica  of 
Aorapoonds.  I^t  ns,  therefore,  avail  ouraelves  of  that  which 
ijieara  well  founded  in  both  doctrines,  since  there  appeare  to  be 
a  why  the  one  should  be  opposed  to  the  other. 


nOJJOLOOOCS   SEOrES   of   OBOAJTIC   COJtrOTTSDS. 

"We  have  already  had  occasion  to  speak  of  certain  romarkabU 
(criea  of  ootnponnda,  such  as  that  of  the  volatile  oily  acids,  given 
p.  10.  The  recent  progress  of  Organic  Chemistry  had  shown, 
at  such  series  frequently  occur ;  nay,  Oerhardt  has  founded  on 
^trrangement  of  organic  compounds.  But  although  it 
an  probable  that  all  may  one  day  admit  of  being  thus 
'»t  present  little  or  nothing  would  be  gained  by  adopt- 
ing thst  arrangement,  which  cannot  yet  be  carried  out.  Yet  the 
proper'  '        '  -  or  series  as  are  obviously  homologous 

■TV  t  i',  that  it  is  necessary  for  the  student 

of  Or;^aiuc  (JIi<;uu:>U  j  to  l>c  acquainted  with  those  which  are  beat 
known. 

A  *ain  of  compounds  is  called  homologous,  when  each  member  | 
of  tiie  f«erip9  HiR't-r«  from  tlie  ntbfr".  either  by  a  certain  number  i 
of  exj-  rlion  and  I  r  by  a  multiple  of  it,  j 

and  1'  lies  of  t1i<  ~  't  oompounds,  although   i 

tsttit'  !'<,  diiriT  in  d<  irroi's  and  that  in  proportion  to  Ute 

jHj.  'i  nihl  livdiMj.  n. 

M  ■  spirit,  alcohol,  and  oil  of  potato 

^iiig  to  a  homologous  series.     They 
!  Iwiaolugoaa  to  each  other.    Let  ns  examine  thoir  formulte, 

loobol  is    G<  H4  0« 

C.  n.  Oi  =CiH.O.+  CiH. 

is    c  u,  o.  =0.11.0.  r  ni'-.n,) 
c.  n.oOi  —  c.u.t>  +  3i(;«H.) 

Amflio  Aioobol  is       Cw  Qjt Oa  =:  Ct  B< Oi  -t-  4(Ct Ui) 

it  is  seen  that  mctlivliv  alcohol  and  alcohol  differ 
.  that,  at  each  btcp  hitjher  iu  the  scale,  Vt  U^  i» 

C  i 
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added,  so  thnt  methylio  and  nmvHc  alcohols  differ  by  C«  IL  = 
4  times  C:  Hi .  The  third  and  fourth  compounds,  prufiylic  ud 
but)-lic  alcohols,  have  only  very  recently  been  discovered,  butttutf 
existence  had  long  been  predicted. 

Now,  every  known  member  of  this  BericB  has  onalogooa  pr»- 
perties  :  they  arc  neutml,  volatile  bodies,  liquid  in  the  lower  part 
of  the  scale,  above  given,  but  solid  and  fusible  in  the  higher  parte 
where  the  carbon  and  hydrogen  are  in  larger  proportion.  Tbry 
are,  in  short,  alcohols.  They  all  yield  ethers,  bearing  the  fame 
relation  to  the  respective  alcohols  as  ether  docs  to  alcohol.  Hm^ 
all,  when  oxidised,  yield  volatile  adds,  bearing  to  the  ncpMiiw 
alcoliols  the  same  relation  as  formic  acid  to  pyroxilio  spirit, 
acid  to  alcohol,  and  valerianic  acid  to  oil  of  potato.  In  theac 
the  boiling-iKjint  rises  a  certain  number  of  degrees,  about  34*  ¥., 
for  each  C-t  II>  added.  The  melting-point  of  these  alcohols  rite* 
at  each  step  in  the  scries,  but  the  precise  amount  of  this  rise  hu 
not  yet  been  ascertained.  The  fact  is  wcU  seen  in  these  memben 
of  tlio  series  which,  from  being  high  in  it,  ore  solid  at  ordinary  or 
at  low  t<'mpcraturcs.  Common  alcohol  is  not  yet  known  in  th* 
solid  state,  but  has  been  reduced  to  a  thick  oily  state  by  a  Twy 
intense  cold.  The  density  of  the  vapours  of  titete  alcohols  alto 
varies  according  to  a  fixed  law,  rising  as  the  amount  of  C»  Hi, 
which  is  added  at  each  step,  increases.  The  density  of  the  rnpoon 
raiiee  also  according  to  a  fixed  law. 

It  will  be  observed,  that  the  ethers  and  the  volatile  addi, 
derived  from  these  alcohols,  form  also  homologous  series,  difibr- 
iug  from  each  other  by  Ci  H«,  or  by  multiples  of  CiUi.  And 
every  derivative  of  pyroxilio  spirit,  which  is  the  beginning  o» 
■tartiug-poiiit  of  the  scries,  is  the  starting-jwint  of  a  (larallel 
■eries,  in  which  the  composition  varies  as  in  the  first ;  while  the 
properties,  analogous  in  each  series,  yet  vary  in  each  in  degree, 
according  to  a  fixed  law,  as  the  amount  of  Ca  Hi  increuea  or 
diminishes. 

When  a  homologous  scries  is  once  ascertained  in  a  few  of  its 
ncmbcn,  the  ultimate  discovery  of  the  rest  moy  be  safely  pre- 
dicted. In  the  serieB  of  alcohols,  few  are  yet  kno^vu  ;  besides  the 
five  aliove  mentioned,  not  more  than  five  or  six  others,  much 
higher  in  the  scale,  some  of  which  are  of  very  recent  discovery. 
The  same  is  true  of  the  ethers.  A  few  years  ago,  only  two  of  the 
adds  of  the  tcrica  derived  from  alcohols  by  oxidation  wero 
rcoon^iard,  namely,  formic  and  acetic  ooida,  But  Uiut  seriot  of 
■oidB  is  now  complete  up  to  10  cqs.  of  carbon,  inclusive ;  and 
J  thrro  are  known  beyond  that  ]>oiiit,  the  highest  in  the  scale  yet 
dimorcrvd  containing  GU  ci|s.  of  carbon. 

It  will   be   obeerved  that   tlto  ibw  homologous  series    aboTft 
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■nuded  to,  haTe  been  diieoTcred  tamfly  hj  the  analysis  of  the 
nibstances,  and  are  therefore  expressions  of  fact.  It  is  certain 
that  the  alcohols,  the  ethers,  and  the  acids  of  thc-se  ditfurent 
MriM  differ,  in  each  aeries,  by  Ci  Ui ,  or  multiplos  of  it ;  and 
tliat  to  «w<h  wries  the  properties  of  all  the  mumbcrs  are  ana- 
lagon*.  r  in  degree.     We  cannot  doubt,   thernfore,  that 

the  du,  1   properties,  so  rcgnlar  and  graduated  in  each 

iMinwloguu*  seriei,  depends  on  the  equally  reg:ular  and  graduated 
addition  of  C>  If  >  to  the  preceding  molecule. 

Now,  if  we  arrange,  in  a  horizontal  line,  the  lowest  members 
of  the  different  series — of  the  alcohol  scries,  for  example,  the 
•fbar  striM,  or  the  acid  series — we  hare  only  to  add,  under  each, 
in  a  deaoending  vertical  column,  Ci  lit  at  each  titep,  to  obtain 
the.  ootaposition  of  tho  whole  possible  members  of  each  series  up 
to  40,  00,  60,  or  100  eqs.  of  carbon.  And  the  principle  of  such  a 
table  is  *o  simiilr,  that  any  one  who  has  the  first  horizontal  line 
I  fill  it  Tip  at  onoe. 
I  If  we  take  the  ca-s«  of  alcohols,  we  have  seen  that  ethers  and 
"'-'•'-  -  I  is  are  derived  from  them.  But  there  are  many  mure 
each  of  which  finds  its  place  in  the  horizontal  line, 
ling  of  a  vertical  or  homologous  series.  (H 
iinds  in  any  horizontal  column,  being  derived 
"as  alcoliol,  are  not  analogous  to  each  other,  but 
totally  different  in  properties,  Uut  the  whole  members  of  any 
vartiaal  aeries,  in  our  supposed  table,  are  so  analogous  as  to 
ba  included  under  the  same  name,  and  under  one  general 
iiBrmuIa. 

Saw  alcohol  is  not  the  trae,  theoretical  foundation  of  the 
Wiaontal  series  derived  from  it,  nor  it  ether,  but  rather  the 
_Mipi>osed  radical  of  both,  in  this  instance  ethyle,  and  in  the  case 
spirit,  which  is  lowest  in  the  scale,  methyle. 
•I  or  fundamental  horizontal  column  will  contain, 
tliareiora,  aetiiyle  and  its  derivatives ;  the  next,  ethyle  and  ita 
darHatiTca ;  itanding  immediately  under  the  former,  with  which 
Uicjr  aie,  ia  each  vertical  column,  homologous.  It  is  evident  tbat 
Um  BtuabcT  of  vertical  or  homologous  series  depends  on  that  of 
tka  dari*«tives  in  the  first  horizontal  one. 

Xow  tha  derivatives  of  mctliylo  are  very  nnmerous,  and  each 
ia  tha  starting-point  of  a  series  of  homologous  compounds.     In 

the  table,   t nded,  we  have  selected  a  few  of  the  most 

lay  (ant.  '  to  seventeen  members  or  derivatives  in  the 

bortMBtal  iiiii',  itini  <-oii9e>iaently  seventeen  homologous  series  in 
th»  v«>ti«al  oolomna. 

4t  the  hood  of  each  vertical  column  we  have  placed  the  general 
totmoi^  ODder  which  its  members  are  iucluded.     These  general 
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formolm  vonld  alone  suffice  to  enable  any  one  to  oonttraol  t 
whole  table. 

In  these    general  formulre,    ■  is    used  to  signify  any  ^nui 
number  of  c<iuivQlcnt?,  and  in  this  table,  as  well  ns   gencrallr,  U 1 
stands  for  an  even  number,  such  as  2,  4,  6,  8,  10,  &o.     U  tht| 
number  of  equivalents  of  hydrogen   exceed  that    of   UioM  of 
carbon  by  1,  then  we  write  Co  Un  +  i ,  if  it  fall  short  by  I,  w»I 
write  Co  Hi> — I,  and  so  on.    If  wo  wish  to  deduce,   from  thsj 
general  formula,  tliut  of  any  particular  compound,  we  rcquinl 
only  to  know  how  many  equivalents  of  carbon  that  comp-'and  \ 
contains.     Thus  the  general  forninlu  for  the  alcohols  of 
is  Co  Iln  +  1  O,  no  or  Co  Ho  +  «  Oj.     Whatisthesr>eti.; 
of  amylio  alcohol  ?    This  alcohol  yields,  when  oxidised,  vaien- 
unio  acid,  in  which    there    are   10  eqs.   of  carbon.      Now  it*  I 

I  number  of  eqs.  of  carbon  is  always  the  same  in  an  alcohol  and  m 
the  acid  which  it  yields ;  we  have  therefore  10  ccjs,  of  carUm. 
llut  if,  in  this  case,  n  =10,  o  +  i  must  be=  11,  and  t.h«  fonuoli 
for  amylic  alcohol  becomes  Cio  Iln  0,  IIO,  or  C'ln  Iln  0». 

In  like  manner,  if  we  could  obtain  morgnric  alcohol,  we  know, 
since  margario  acid  contains  34  e<iB.  of  carbon,  that  the  formula  <d 
niargnrio  alcohol  must  be  Cm  Hsa  O,  HU,  or  Cm  Hm  Oi . 

Column  1.  General  formula,  Co  Ho  +  i .  This  formula  rep««-i 
senta  the  radicals  of  the  methylc  nud  ethyle  series.  Of  thcM),! 
five  or  sii  have  been  obtained,  by  Frankland  and  by  Eolbe,  in' 
the  separate  form,  and  the  names  of  those  are  given  in  the  tabic. 

Column  2.      General  formula,   Co  Ho  +  i ,   II,  or  C»   !!•  +  «. 
Tliis  series  is  homologous  with  marsh  gas,  the  hyduret  of  methyle,  | 
C«  Ha,  HorC.  H.. 

Tho*e  lowest  in  the  series  are  permanent  gMCf>,  those  above 
them  highly  volatile  liquids  ;  those  still  higher  oily  liquids,  and.1 
liighcr  still  they  are  fatty  and  waxy  fusible  solids.     This  i»  ttu«f 
olso  of  the  radicals  in  the  preceding  paniginph.     It  is  probabU 
that  one  of  the  bodies  described  as  paralUnc,  as  well  as 
pamfDne  oils,  belong  to  this  scrira  of  liydun-ts. 

Column  3.     General  formula,  C»   Ho  +i,  Q,     This  Top 
tlie  oxides  of  the  preceding  radicals,  or  ethers,  of  which  etlier  U| 
the  type.     A  few  only  of  these  are  known  in  a  separate  form,  and 
a  few  more  in  combination.     With  acids,  especiallv  organic  ooida,  | 
they  yield  compound  ctlicrs,  such  as  oxalic  or   benzoic  ether. 
Thoiic  onntaiuiiig  much  onrt>on  arc  solid. 

CWumn  4.  Co  H.+  1,  O  +    HO,  the  hydrated  oxides  of  th«| 
radicals,  or  alcohols,  of  which  alcohol  is  the  type.     Like  the! 
ethers,  they  arc  volatilu  liiiuida  in  the  first  port  of  the  scale,  iho  I 
boiling-point   of  which  riw-H  witli  the  amount  of  carlKin,  and 
Aulble  Mid  voktils  tolids  when  the  carbon  exoeedi  a  certain 
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tLe  melting  and  boilinfc-points  of  which,  and  the  density 

'  rapourv,  rorv  "       to  the  «amr>  law,  rising  a  certain 

number  of  degrees  fur  ition  of  Ctlli.     The  rise  in  the 

boiling-point  is  aboat  I'J   C,  or  sil*  F.,  for  each  additioa  of  C>  H* . 

Column  5.  C'uH. — i,  the  derived  rt»<]ii?al?,  formed  from  tho*e 

scries  by  oxidation  or  dehydnjgonation,  of  which 

I  tyiio.   They  ore,  as  ret,  only  known  in  combination. 

fore  ]>ass  on  to 

Bin  6.   Ccncra/ /orr/it<ii,  CoHo—i,  Hot  (Ci.n.)i.     Tliis 

^c«  of  hydurcls  ia  liomologous  with  methylene,   f'»  II,   11  or 

lit,  and  ethylene  or  olotiant  gas,  Ci  Hj,  II,  or  i\  II..     The 

is  the  hjdurot   of  formyle,    the  latter  the  hydtiret  of 

etyle. 

These  oomponnds  much  rrsemble  those  of  column  2,  but  diffor 
L  tiicm  in  being  more  readily  act'.'<l  on  by  chlorine,  even  in  the 
They  are,  like  the  oUuth,  gases  wlicn  low  in  the  scale ; 
i,  as  we  rise  in  the  scries,  highly  volatile  liquids,  less  volatile 
Kd  oily  liquids,  fatb;-  and  finally  waxy  lolids.      Yarious  forma  of 
He  and  of  paralfine  oil  belong  to  this  st-rics. 
Column  7.     CkHo  —  I,  0  +  no,  the  aldehydes,  or  hydrated 
tJdoi  of  the  immediately  preceding  radicals,  of  which  aldehyde 
I  tlie  type.     Several  are  known,  and  they  are  characterised  by 
ills  of  silver,  so  as  to  yield  a  mirror-like  deposit 
they  pass,  l>y  oiidstion,  into  volatile  acids,  which 
rattd  tcroxides  of  the  same  radicals,  a.f  aldehyde  does 
Did.     It  has  recently  been  shown,  by  liertagnini  and  / 
the  aldehydes  form  crystaUisable   compounds  with  ' 
pot.iOi,  i">ia,  or  ammonia.     By  this  moans  we  can 
ydcs  in  mixtures,  and  even  purify  them  ' 


ro/<im»  b  C  11.— 1  0>,  HO,  or  (Co  11.)'  0».  Those  arc  the 
atile  acids  already  alluded  to,  and  yield  the  most  complete 
lis  of  homologous  eomiinunds  yet  known.  They  are  almost  all 
ill  ii.itiii.-,  and  all  liut  the  two  first  are  oily  or  fatty  acids, 
i  I  of  which  rises  about  19°  0.,  or  M'  ¥.,  for  every 

The  most  abundant  and  important  fatty  aoids, 
OS  stearic  and  mar^^iric  ai-i<N,  CKinio  and  palmitic  acids, 
acids  of  wax,  beluug  to  thix  series. 

nO.  C«    H..— >  O*,  NIU  O,  the  compi^unds  of  the  pre- 
•cids  with  ammonia.     These  arc  hero  introduced,  because, 
icprired  of  l  eqs.  of  water,  they  vield  the  next  series. 
mnt\OamlM.  C  IL.— i  N,  or  C  U»  +  i,  C.  N.     The  first 
rtheae  formuU.',  wliioli  are  isomeric,  namely,  column  10,  repre- 
ta  what  are  oallcd  nitrylfn,  that  is,  compounds  of  nitrogen 
tha  ndical  of  the  acid  of  the  ammonia  salt,  from  which  the 
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nitrrle  is  derived.    Thus  acetate  of  ammonia,  deprived  of  4  eqi. 
of  water,  that  is,  of  all  its  oxygen,  and  4  eqs.  of  hydrogen, 
ocetonitryle, 

C.H>  Oj,  NH.0  =  4  HO  +  C.HjN. 

The  second  general  fonnula,  colamn  11,  represents  the  cyanide,  | 
not  of  the  radical  of  the  aoid  from  which  it  has  been  rurmii>d,  but  I 
of  the  original  radical  of  the  ethyle  series,  one  step  lower  in  the  ^ 
scale  than  the  acid.  Buoh  a  cyanide  must  be  isomeric  with  the  i 
nitryle  of  tlie  acid  radical.  For  aoetonitrylc,  C«  lis  N,  is  the 
same,  empirically,  as  the  cyanide  of  methyle,  C«  Hs  4-  C'l  N. 

In  point  of  fact,  some  of  the  nitryles  really  are  such  cyanides, 
and  it  is  possible  that  all  may  prove  to  bo  bo.  Bat  it  is  also 
possible  that  both  compounds  may  exist,  and  therefore  we  have 
given  both  formulee. 

Column  12.     Cn  Ho  — i  Os  +  C  II»  +i  0,  or  C.  H.  0«,  the 
compound  ethers  formed   by  the    combination    of    one   of  the 
volatile  acids  with  the  ether  from  whioh  it  is  derived  ;  of  these,  i 
acetate  of  oxide  of  ethyle,  or  acetic  ether,  is  tlie  type.     If  we  I 
represent  them  by  the  general  formula,  Cn  Hn  0«,  the  amount' 
of  C  and  H  is  always  exactly  double  of  that  in  the  hydrated  acid 
itself.     Aoetiu  arid  is  C*  it*  Ot,  and  acetic  ether  is  Cs  Hs  O*. 
Many  of  this  series  arc  known  and  occur  in  nature.     It  most  be  i 
obser\-ed,  that  each  ether  con  combine  not  only  with  the  add  I 
related  to  it,  which  has  the  same  number  of  e(|s.  uf  carbon,  ss, 
oxide  of  ethyle  «ith  acetic  acid  ;  oxide  of  ainyle  with  valerianic 
acid,  &c. ;  but  also  each  ether  can  oombine  with  all  the  acids, 
and  each  acid  with  all  the  ethers  of  the  two  scries.     It  is  only, 
however,  when  the  acid  and  ether  which  combine  have  the  same 
number  of  eqs.  of  carbon  that  the  relations  above  pointed  out 
holds  good.     Thus,  acetic  acid  combines  with  amylic  ether,  and 
gives  the  compound  do  Hii  0,  C«  H»  0»=  Cu  Hi«  0«,  which  still 
Domes  under  the  general  formula,  but  in  which  the  carbon  and 
hydivgen  are  not  double  of  those  in  the  acid  or  other  as  in  the 
cue  of  aoetio  ether  above  given.    The  compound  of  acetic  add 
with  amylio  ether  just  named  occurs  in  nature  and  can  be  made 
artificially.     It  gives  the  peculiar  and  agreeable  flavour  to  the 
pear,  whUo  acetic  ether  contributes  in  part  to  that  of  the  pine- 
apple, along  with  another  compound  of  the  same  diss,  bntyrio 
ether,  that  is,  butrrio  acid  combined  with  oxido  of  ctbyle,  Ct  H» 
O,  C.  Hf  0.  =  Cii  HiiO». 

Column  13.     C.  H.  +  i  CI,  the  chlorides  of  the  radicals  of  the 
othylio  •ones.    Chlorido  of  ethyle  is  the  type.     Of  course  similar 
Iserios  exist  for  tliu  bromides  and  iodides,     Several  of  them  are 
known,  and  have  been  need  with  Advantage  in  recent  researohes. 
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CbAtmn  14.   C»Ho+>)S.   Tlit>   "  of  the  some  radicals, 

Thmt  mn  volatile  fetid  liquids,  aci  .  m-q. 

0»lmnn  15.     Cm  H»+  i,  S,  HS.    ILe  iirtifdinp,  combined  with 
•nlphoretted  hydrogen,  or,  as  they  may  be  oolli-d,  iiiercajitans. 
The  type  is  mcrcaptan,  of  the  ethylio  series,  C*  Hi  S,  US.     TLeee  | 
•iao  are  horribly  fetid.     Only  a  few  are  known  us  yet. 

Calumiu  16  and  17.  C^Hn  +  i,  N  Hi,  the  amides  of  the 
rmdicals  of  the  ethylic  series,  which  are  isomerio,  if  not  identical, 
with  a  rcry  remarkable  series  of  ba-ses,  already  olliiilcd  to  as  de- 
rired  from  ammonia  by  the  replacement  of  I  eij.  of  its  hydrogon 
by  I  eq.  of  one  of  these  radicals.  The  last  column,  17,  contains 
the  empirical  formula  of  these  bases,  C»  H«  -f  »,  N.  MethyUmine, 
C»H«S,  or  ethylamine,  orC..H»Jf,  is  the  tj^.  Already  six  or 
serea  of  these  bases  are  known. 

Ifore  oolamns  might  be  added,  almost  ad  injinitum,  as  for 
example,  the  bisulphates  of  the  oxides  of  the  ethylio  radicals, 
whiob  act  *s  acids,  and  of  which  sulphorinic  acid  is  the  type. 
Bnt  the  aborc  will  suffice  to  explain  the  doctrine  of  homologon* 
compounds.  It  will  be  seen  tliat  when  we  know  the  formula  of 
ipottnd.  belun^ng  to  this  series,  we  can  predict  its  general 
physical  and  chemical.  The  former  depend  on  ita 
plaoe  in  the  vertical  column  to  which  it  belongs,  the  latter  on 
the  general  furmuia  appropriate  to  that  column.  For  example, 
if  I  analyse  a  substance,  and  tind  its  formula  to  be  Cio  Hi<  Ot .  or 
Cio  Hu  O.  Ht),  I  oktstfrve  that  it  belongs  to  the  general  formula 
C.H.4- 1  O,  U<).  that  of  the  alcohols.  If  it  be  Cso  H«  O.,  or 
CsnH..  0,  no,  it  belongs  to  the  aldehydes,  CdH.Oi;  if  CHu 
K,  it  belongs  t«i  the  hasi-s,  in  column  16,  and  in  each  case  I  know 
what  its  ohetnical  characters  wiU  be.  But  the  first,  although  an 
alcohol,  will  be  less  rolatile  than  common  alcohol ;  the  second 
tax  law  volatile  than  aldehyde,  perhaps  a  solid  at  the  ordinary 

ipcntorc :    and    the    third,    although   a   base,   analog>}us  to 
immtmia,  will  bo  a  liquid  at  ordinary  temperature,  less  rolatile 
mctliylamine  and  ethylamine,   which  indeed  are  gasea  at 

inary  tcmpcratureti,  but  easily  condensed. 

If  the  body  analysi'd  be  of  the  formula  C«  H.  0»  it  must  be 

''-•  -    v-id  or  ueutrul.     If  acid,  it  will  be  volatile  and  oily,  or 

nde<l  it  contain  six  or  more  eqs.  of  carbon.     If  neutral, 

jt  will  w:  a  compound  ether,  see  column  12,  containing  a  volatile 

aeid,  united  to  an  oxide  of  one  of  the  radicals  in  column  1. 

l\  '    I. lo,  that  every  organic  compound  belongs 

to  a  ;.al)  Series,  if  we  could  only  ascertain  the 

etlMr  Bm  ^  U     And  it  can  hardly  be  doubted  that  Dcries 

wtU  be  (i  ,  in  which  the  common  dilferenoe  or  addition 

at  each  step  is  uut  Ci  Hi,   but  some  other  groap.     Yet  Cf  }I> 
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appears  to  bo  the  commonest,  for  there  is  another  series,  or 
rallier  set  of  homologoua  scries,  quite  distinct  from  that  here 
explained,  in  which  the  starting-poinfa  arc  very  diiTcrent,  but 
the  common  diflbrence  is  still  Ct  Ht.  In  thia  there  is  an  add 
scrios,  of  wliich  the  starting-iKjint  is  benzoic  acid,  C«  Us  0«, 
and  a  basic  series,  of  wbieli  the  starting-fioint  is  aniline,  Cn  Ht 
>' ;  l>e»ides  Tarioiis  other  scries,  all  of  wliich  may  be  included 
under  tlio  name  of  the  benzoic  series  (just  as  the  table  above 
given  may  be  called  the  cthylio  series),  in  which  Ci  Hs  is  alao 
added  at  each  step. 

It  will  not  escape  the  reader,  that  the  foundation  of  the  cthyUo 
scries  is  laid  in  inorganic  chemistry.  Thus  methyle,  ('«  H»,  iLe 
first  mdical,  if  C«  II«  l>e  taken  from  it,  j-iclds  H,  that  is,  hydro- 
g:eu  ;  its  etlier  and  its  alcohol,  minus  Ct  lit ,  idike  yield  FIG,  or 
water.  Its  acid,  formic  acid,  CiHiO*,  yields  0«,  oxygen.  For- 
monitryle,  C»  RS,  is  hydrocyanic  acid,  or  cyanide  of  hydrogen; 
ohloride  of  methyle,  CiHsCl,  minus  C«Hi,  b  hydrochloric  neid  ; 
Bulphuret  of  methyle,  minus  Cs  Hj,  is  sulphurtttcd  hydrogen, 
and  lusUy,  methylamine,  CsIIs  N,  minus  C«n>,  is  ammonia,  the 
,  very  type  of  the  methylamine  series  of  bases.  Indeed,  it  is  not 
sy,  without  analysis,  to  diatinguiab  methylamine  from  ammonia. 
Hydrogen  then,  is  the  true  starting-point  of  the  ethylic  seriet 
of  radicals,  and  oromouia  of  the  etliylic  series,  of  volatile  bases. 

Such  is  the  doctrine  as  exemplified   in  one   well-marked  in- 
stance of  homologous  compounds,  a  doctrine  which  has  already 
done  much,  and  is  destined  to  do  mucli  more,  in  simplifying  our 
knowledge,  and  enabling  us  to  classify  the  immediate  faots  of 
.  orgajiio  chcmistr}-. 

At    the   meeting   of    the   British   Association    in    Ipswieli, 

|V.   Dumas    drew     the    attention    of    the    Association    to    tha 

I  extraordinary  analogy  between    homologoiu  groups  of  organio 

[eotujiounds    and    eertain  small  groups    of    elementary  bodiee, 

'  vhieh  have  long  been  observed.     The  best  example  is  that  of 

chlorine,   bromine,  and  iodine,   which    differ    from   each  other 

precisely  as  do  three  contiguous  homologous  compounds  in  the 

> table;   that  is,  in  properties.     Thus  chlorine  is  an  easily   con- 

'  dea.«ible  gas,  bromine  a  volatile  liquid,  iodine  a  volatile  solid. 

In  aflinity,  bromine  is  intermediate  between  chlorine  and  iodine, 

•8  it  is  in  atomio  weight.    This  is  obviously  true  also  of  tlie 

lorgonic  group,  say,  for  example,  of  methyle,  ethyle,  and  propyle, 

or  of  foriiiic,   acetic,   and   propylic  acids,   or  of   mLthylantine, 

cUiyliimino,   and    propylamine.      M.   Dumas   is    said    by   some 

jounials  to  have  drawn  the  conclusioa  that,  since  the  equivalent 

of  bromine  is  the  mean  betwoi'U  those  of  ohioriiio  and   iodine, 

therefore  bromine  u  made  np  of  half  on  equivalent  of  chlorine 
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But  it  U  probable  that  he  only  I 


l!i  "  ■     '  nt  of  iodiac. 

lify  of  tbis. 

v;li  il.   Dumoa  may  have  been  tlio  first  to  point 

at  .a  jmblio    the    remarkable    an.'Joj-y   bi-twecu   the 

I'ups,  chlorine,  bromine,  iodiue,  potjissiiim,  Hodium, 

&o.,    and  homologous    orj^nio    groups,   auch    as 

fltttuiiif,  otbylaraine,  and  propylamine,  yet  it  must  not  be 

that  this   had   esca|)cd   the  notice   of  chemists.     The 

of  the  present  work  haa  for  several  years  iK>Lutcd  it  out  in 

Dtureii ;   n»y,  before  the  homologous  organic  groups  were 

g,  tlie  l«Ui  Dr.  Turner  and  other  teachers,  including  the 

constantly  drew  tlie  attention  to  the  analogy  between  | 

hlurinp,  bromine,  and   iodine,  as  furnishing  an  argument  fori 

their  being  truly  comi«)und.     But  they  took  a  dili'eieut  view 

[from  that  of  M.  Dumas,  and  one  still  more  analogous  to  what  ia 

ry.!.."..  .>(■  1. ,...,.. I. ...r,u5   bodies;  namely,  that  chlurine,  bromine, 

oafflo  base  or  substratum,  with  a  dilfercnt 

k<>'i"Mi.iii   lu  ' wise.     And  8inc«  the  discovery  of  homologous 

kvlict,  it  bos  been  regarded  as  highly  probable  by  tlie  auUior, 
,  Birntioned  oi  such  in  his  lectures,  tljat  there  is  here  also  a 
Bon  diflLrenoc,  corrcsiwnding  to  C«  II«  in  the  ethylio  scries, 
dditiou  of  which,  in  increasing  quantity,  converts  ohlorine 
[  bromine,  and  bromine  into  iodine.     It  is  evidently  mine-  | 
fcr  to  suppose  any  ditTcrcnco  in  the  quality  of  what  is  added, 
Wt>  K«,  in  the  organic  compounds,  that  a  dilforenoo  in 
is  amply  sufficient  to  alter  tlie  demity,  the  fusing  and 
ttts,  &c.,  &o. 
TMl  hu  been  explained  fully,  because  M.  Dumas  has  been 
to  have  founded  on  these  facts  and  hypotheses,  an  opinion 
ire  muy   hope,   on  the    principle   laid   down  by  him,   to 
QUt«  one  elemout  into  nnotlicr.     Thus  we  may  hope  to 
fiut  one  atom  of  chlorine  and  one  atom  of  io<iino  into  two  atoms ' 
linn,  &o.     And  of  oourso,  if  wc  could  discover  any  mcta.1 
ioguu*  with  guld,  as  sudium  is  with  potassium  and  lithiuffli  , 
ght  exjKct  to  convert  that  met;il  into  gold. 
The  iilf.n  on  wliiuli  recent  attempts  at  transmut-ition  have  been 
boniU'ii  is  difTeri'iit.     It  is  dcrivctl  from  tho  remarkable  changoa 
laocd  in  Iwth  simple  and  compound  bodies  by  ii  new  orrongo- 
Rclit  or  grouping  of  tJic  ultimate  atoms  into  molecules  of  various 
Cliarcoal,  graphite,  and  diamond  are  all  carbon,  yet  how 
liflWc&t !     Tho    two    last    crystallise    in    forms  geometrically 
iiitiooi.     So    does  sulphur,    which   also  exi.its  in   a  tliird  or 
euiilate.     n  II  at  one  time  a  white,  tniiuluoent, 

ud  MmQv   ■  '.<•  body  ;    at  uuotlier,  a   red  «ub- 

I  not  ««uily  fuMblvi  aud  b«rdly  oombostible,  mivu  «.l  a  t«&. 
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boAt,  when  it  passes  into  the  first  8tat«.  And  eoinponnds, 
although  of  the  same  composition  in  100  porta,  may  rmrj  ad 
infinitum  in  character.  Ucnoe  it  was  supposed  that,  by  a  new 
arrnngement  of  the  same  atoms,  a  different,  even  although 
elementary  substance,  might  be  obtained ;  and  Dr.  Brows 
stated  that  he  had  thus  converted  carbon  into  silicon.  Sup- 
posing this  to  be  confirmed,  it  is  easy  to  imagine  lead  or  iron 
converted  into  gold.    Even  charcoal  ond  diamond,  although  chem- 

,  ically  identical,  are  physically  far  more  ditfercnt  than  are  lead  and 

I  gold,  and,  in  short,  transmutation  was  clearly  conceivable. 

But  although  this  be  the  cose,  yet  we  must  not  forget  that, 
until  Dr.  Brown's  experiments  be  oonfinned,  the  most  widely 
differing  forms  of  elementary  bodies — of  carbon,  for  example — all 
agree  in  some  essential  chemical  properties;  for  example,  in 
yielding  carbonic  acid  when  burned  in  oxygen  gns.  Whereas 
carbon  and  silicon,  even  in   the   alleged  results  of  Dr.  Brown, 

r  cannot  be  made  to  yield  the  some  products.  We  have  no  proof, 
U  yet,  that  the  same  atoms,  differently  grouped,  can  yield  a 
body  which  has  entirely  new  and  permanent  chemical  jjrojierties. 
This  is  conceivabh',  and,  strictly  speaking,  possible ;  but  we 
have,  88  yet,  no  proof  of  it.  And  the  some  is  true  of  M.  Dumaa's 
■uggestion  ;  it  is  conceivable,  but  wo  have  no  proof  that  it  can  b« 

I  done  with  truly  elementary  bodies,  or  even  with  such  as  are 
elements  to  us. 

It  is,  we  conceive,  much  more  probable,  that  chlorine,  bromine, 
and  iodine  are  really  homologous  comjmundt,  and  not  elements ; 
and  if  we  can  discover  their  common  difference  (their  C«  Hs  so 

I  to  speak),  we  mny  hope  to  transmute  them  into  each  other.     And 

l.ao  of  all  other  similar  groups. 

But,  admittiug  the  possibility  of  a  trangmutation,  it  nrnst  not 
be  forgotten,  that  it  is  almost  an  absurdity  to  suppose  it  e>aay  or 
practicable  under  ordinary  circumstances,  or  that  it  should  ever 
become  so.  It  must  require  some  very  great  and  unusual  force  ; 
for  if  it  were  otherwise,  if  one  clement  could  easily  pass  into 
anotber,  external  nature  must  come  to  an  end.     Nay,  if  carbon 

I  oould  readilj  become  silicon,  how  could  our  bodies  or  the  vi^ge- 

'  table  world  exist  P  In  them  nearly  two-thirtls  of  the  weight  it 
carbon ;  and  if  that  were  changed,  even  in  part,  to  ailioon,  or  to 
any  other  clement,  what  must  be  the  result  V 

It  has  always  apjKiared  to  us,  that  those  bodies  which  ore  beat 
known,  and  which  resist  most  powerfully  all  our  efforts  to  deoora- 

[  pose  or  trauuQuto  them,  must  have,  in  order  that  nature  *ho\)ld 
exist,  a  degree  of  (icrmanence  attached  to  them,  such,  that  they 
become  virtually  unalteruble  elements,  otlierwiso  aiEuity  oould  no 
lon)^  Mt  to  pruduou  the  results  we  aoe. 
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Eren  if  our  elements,  therefore,  be  compound,  or  otherwue 
truumutatilc,  it  is  evident  that  we  are  not  iut^aded  to  hare  the 
power  of  dccompoaiug  or  tnuibmuting  them.     6uch  i^  the  doctriue 
.Wk  tiuvo  fur  many  yvtaa  taught  in  our  U-otures, 

Iluviiij^  now  exiiloinod  the  doctrine  of  homologous  oompouuda, 

kod  Jt«  bt'iiring  on  the  peculiur  groups  uf  I'lomentory  bodies,  as 

rell  as  on  the  idea  of  trauBmutation,  wu  shall  reserve  further 

etoiU  till  we  come  to  describe  the  substances  themselves  which 

DQ<titute  the  homologous  series,  such   oa  the   alcohols,  ethora, 

kydw,  volatile  acids,  and  volatile  bases. 


TBX  nSCOKPOSITIOirs  AXS  HETAXORrnOSKS  OF  OBO^yiO 
COMPOl'NnS. 

Oreaate  oompooada,  whether  actual  organised  tissues,   nnor- 
fg  ducts  of  animal  and  vegetable  life,  or  new  substances 

*i-„ J    produoed,   are  generally    ohnract«rised    by  a    great 

pniDidXMtti  to  undergo  decom|K)sition  or  metamorphoses.      This 

^^MUtlity  is  especially  marked  in  those  compounds  wliich  oon- 

^^^^fhitrogpn,  nut  only  because,  containing   four  elements   (in 

^ —     •'    -•  are  exposed  to  more  numerous  causes  of  change 

than  ^  as  contain  only  three  (carbon,  hydrogen,  and 

osygru^,  uni  iiliio  because  nitrogen  is,  in  its  relations  to  those 

tlOM  ol«iDi;Uls,  the  most  remarkable  element  we  know.     Aooord- 

to  the   circumstances   under    which   a  change    is    induced 

may  separate  uncombined,  us  in  the  ultimate  analysis 

oipuiic  substances,  by   combustion  with  oxidu  of  oop[ior  or 

of  lead  ;  or  it  may  combine  with  oxygen,  yielding  uitrio 

'add,  M  in  nilrillcution  ;  or  with  carbon,  yielding  tho  com[M)und 

radioal  cjranoT^n,  as  when  nitrogeni.scd  organic  matter  is  ignited 

witli  oorbi  r  '  ish  ;  or  with  hydrogen,  yielding  ammonia, 

M  wben  III  1  organic  matter  is  ignited  with  hydrutmi 

ORutio  allulan. 

It  ta  «t«7  to  MO,  tb«refore,  that  while  oU  organio  matter  is 
{mmv  to  change,   this  is  especially   the    case  with  nitrogcnistMi 
omiMlinds.     In   fact,  many  of  theso  comixiuuds   cannot  bu  kept 
nun  Uuui  a  few  huurs  without  the  commeucemeut   of  decom- 
poaitioil  or  uetamurpliosis,  in  the  shape  of  putrefaction  or  fermon- 
UtitfO.    This  kind  of  inrt^tmorphohis  will  be  separately  considered 
bvre&ilrr :  in  the  meantime  it  is  irai>ortant  to  observe,  that  whuu 
fooh  ■  compound  has  entered  into  a  statu  of  douomiiositiou,  it 
•Bqimv*  lbs  ]iropcrtiits  of  a  ferment,  tliat  it,  it  is   uupable  of  | 
iniiaainy  a  limiUr  mctomorphoais  in  another  compound,  if  placed  ' 
in  MBtaot  with  it. 
Iltf  (roa  exjitioaUott  of  thb  fact  oppoon  to  Xtn,  Uuit  ^'^ 
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particles  or  molecules  of  the  exciting  body  or  ferment,  being  in 
a  condition  of  c1ian;;e,  nnd  therefore  in  motion,  communicate  to 
the  molecules  of  the  body  placed  in  contact  with  them  on  amount 
of  motion  siiUicient  to  destroy  the  balance  of  the  existiiig 
affinities ;  which  in  organic  compounds  is  easily  done,  the 
chemical  efjuilibrium  being  very  unstable ;  and  thus  gives  Hm 
to  a  new  play  of  alhuities  and  the  production  of  new  com|>oundj, 
as  when  su^or  by  contact  witli  yeast  ia  resolved  into  alcohol  and 
carbonic  acid. 

But  in  addition  fo  metamorphoses  of  the  kind  just  alluded  to, 
which,  in  the  various  ferments  at  least,  commence  sjNjnttuicously, 
air  (at  all  events,  at  the  commencement),  moisture,  and  a  certain 
tem{H'rature  bein<;  the  u&uol  conditions,  organic  substance* 
undergo  very  well-marked  decompositions  when  exposed  to  the 
action  of  heat  and  of  some  powerful  rc-agtnts ;  and  it  seems 
advisable  here  to  give  also  a  genexul  account  of  such  decompo- 
sitions, as  they  admit  of  being  classified  under  certain  Leads  or 
rules  generally  applicable. 

We  shall  here,  therefore,  briefly  describe  the  changes  pro- 
duced on  organic  compounds:  1,  by  oxidation  ;  2,  by  the  action 
of  ncidit ;  3,  by  the  action  of  bases ;  4,  by  the  action  of  heat  in 
dose  vessels,  or  the  destructive  distillation ;  and  S,  by  the  contact 
of  fcrmenta. 

Oxidiitiun  :  a.  direct. — The  direct  oxidation  of  organic  oom- 
poiiuds  takes  two  distinct  forms.  The  lirat  is  the  familiar  one  of 
combustion,  in  which  the  action  of  the  atmospheric  oxygen  >• 
aided  by  a  high  temperature.  Tlie  results  diUcr  according  to 
the  supply  of  oxygen.  If  there  be  an  excess  of  air,  or  of  oxygen, 
.from  nuy  sourco,  tho  whole  of  the  carbon  and  hydrogen  is  ooo- 
Iverted  into  carbonic  acid  and  water,  which,  along  with  uncom- 
(bined  nitrogen,  are  the  ultimate  )iroduots  of  the  action  of  oxygen 
I  on  organic  mutters.  Dut  if  the  supply  of  air  be  deficient,  tLe 
,  hydn.>g(:n,  from  ita  BnjK'rior  attraction  for  oxygen,  is  oxidised  in 
preferciii'O  to  tho  carbon,  which  is  depodtcd  as  imokc,  soot,  or 
lam|>bla«k. 

The  second  form  of  direct  oxidation  is  that  which  is  oora- 
monly  called  decay,  but  which  Liebig  proposes  tv  call  Eremacauiiis 
(•'.«.,  slow  combustion),  and  wliicb  takes  place  when  organic 
matter  is  exi>OBed  to  sir  and  moistuie.  In  dry  air  it  does  not 
oocar. 

One  of  Uie  most  familiar  examples  of  this  kind  of  oxidation  is 
that  decay  of  wood  by  wliieh  it  is  slowly  oonvrj-tcd  into  a  dork 
brown  ixiwder — ulmino.  In  this  process,  a*  Do  >Stu8suro  has 
siiown,  tho  Wood  abM>rbii  oxygvn,  nnd  pr\>J\icf8  an  c<<jual  volume 
of  carbonic    acid    along  with  water,  and  tbu  rcsiduo— ulmino. 
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A*,  in  oombastion,  the  oxygen  combines  by  preference  with  i 
•  )  ftlso  in  eromncausia  there  is  c^vory  reason  to  beliere  I 
sorbt-d  oxj'Ken  combines  with  the  hydriucen  of  the  ' 


k° 


hy()ri>ge 
wikkI,  Hiiil  that  an  iijuivolent  ijunntity  of  oxygen,  also  ilerived 
from  tlie  -wiHid,  is  given  off  in  the  form  of  carbonic  »cid.  >"ow, 
HDDc  wood  may  be  rcpresimted  as  com{>oscd  of  carlran  and  the 
elements  of  water,  and  us  water  and  carbonic  nciJ  are  two  of  the 
pt^ucts  of  cnmaoBusis,  it  may  be  aupix>gcd  that  thi<  water  was 
ready  formeii  in  the  wood,  and  that  the  absorbed  oxygen  had 
eoQlnned  with  the  carbon.  But  it  has  been  shown  that,  in 
preiraoe  of  hydrogen,  carbon  dix-a  not  at  the  ordinary  tenipcra- 
turo  oombine  with  oxygen,  for  which  its  al&nity  is  hisa  powerful ; 
and  besides,  in  the  decay  of  wood,  the  proportion  of  corliOQ  in 
the  nsidiio  (tha  ulminc)  is  constantly  fp-eater  than  in  the  wood, 
Thu«  oak  wood.  Cm  Hm  On,  yields  in  one  stage  of  decay,  ulmine, 
the  composition  of  which  agrees  with  the  formula  Csj  Hjo  Oio  ; 
and  in  a  more  advanced  stage,  on  nlmine  of  the  formula 
Cm  Hie  On.  Here  we  see  that  for  every  2  eqs.  of  hydrogen 
oxidised  by  the  air,  I  cq.  of  carbon  and  '2  e<js.  of  oxygen  have 
b««n  neparata  d  ;  so  Uial  the  i>er-oeutage  of  carbon  in  the  residue 
OOJitt^:  .I-4CS,  and  the  fuial  rcsiUt  of  eremacausia  would  be 

k  lead .-  xn  ;  were  it  not  that,  as  the  pro[>ortion  of  carbon 

in  the  aliuU^c  increases,  its  afttnity  for  the  other  elements, 
fttvoglthmfd  by  its  mass,  becomes  too  powerful  to  be  overcome 
by  Uk  f  the  air  without  the   aid  of  heat.     It  bos  been 

saggL-  ver,  by  Liebig,  that  the  process  of  eremacansis 

may  oc<.'ui  ununj-  such  circumstances  as  to  leave  at  last  a  residue 
of  puni  rarlivn  :  and  the  occurrence  of  anthracite,  which  is 
nearlv  '>n,  aIiows  that  such  a  result  is  possible.    Tha 

coodi:  .try  for  tliis  are  still  unknown  ;  but  if  we  sujiiioso 

one  bi  .'litiona  to  be  a  acmi-fluid  state  of  the  matter 

ui;Ji  r  iiid  if  wo  imagine  the  process  to  go  on  at  a 

^  .   the  carbon  thus  eliminated  might  assinno 

t;.     .,_,,.;,  >•"!  thus  the  diamond  mi^'ht  be  prodiicnl. 

Tld*  is  u  I  ;  but  it  has  more  jirobubility  in  ita 

£tTaar  thaii  •..<.  ^.m.  ,  ,...  .>iy  of  the  production  of  the  diamond. 

OthtT  fxai  pies  of  eromaciiasis  are,  the  ooetiticatiuu  of  alcohol, 
OT  '  "  Tirooess  of  nitritieation  in  which  ammunia  undergoes 
t:  ,    The.ie,  as  well  as  other  instances,  will  be  considered 

in  :u.  II  [.r..[H  I  jilace. 

Krvtu^r-..ii.iK  in  greatly  promoted  by  heat  and  by  the  presence 
of  ttl't.iliii.  h  !.»  1. 11  the  contrary,  arrested  or  retarded  by  cold, 
ilryuft,  tt^iii"  iinl  many  salts,  such  as  corrosive  sublimate, 
whjih  ba>-  '>f  wood. 

TtiiK  0   i  .   with  eremacausia,  or 
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dccBV,  as  above  described,  which  is  worthy  of  special  attention. 
It  is,  that  a  substance,  in  a  state  of  erciiiacausis,  if  placed  in 
contact  with  another,  which  is  capable  of  undergoing  this  change,  , 
speedily  causes  the  latter  to   enter  into  the   same  condition  of] 
change.     This  eli'eot  of  contact  may  lie  compared,  in  one  lense,  [ 
to  that  of  a  body  in  combustion,  which  sets  lire  to  other  bodies ; 
but  in    ordinary    combustion  the  high    temperature    plays  an 
important  part,  while  in  cremocauais  the  efiect  api>ears  to  be  due 
to   the  communication    of    motion,   from    the  particles  of  the 
decaying  body  to  those  of  the  other  substance,  which  motion,  u 
in  the  case   of  fermentation,  overturns  the  existing  balance  of 
affinities,  unstable  as  it  is  in  organic  compounds,  and  gives  rise  j 
to  the  formotion  of  new  products. 

The  process  of  cremacausis,  or  slow  oxidation  in  the  atmoi-  I 
phere,  is  one  of  very  great  practical  importance,  inasmnch 
by  this  means,  the  elements  of  dead  organic  matter  are  made  to  I 
I  assume  those  forms — namely,  the  forms  of  carbonic  acid,  water, ' 
•  and  ammonia — in  which  they  are  capable  of  contributing  to  the 
nutrition  of  new  or  growing  vegetables. 

It  has  been  rendered  highly  probable  by  recent  investig«tioa>i 
that  erematsausis  is  always  commenced,  not  by  the  ordinary  oxygen 
of  the  air,  but  by  the  remarkable  substance  named  ozom*,  which 
is  now  believed  to  be  an  allotropic  and  highly  active  form  of 
oxygen.  Some  observers  state  that  one  form  of  ozone  contains 
hydrogen,  in  which  case,  that  form  of  it  is  most  probably  a 
teroxide  of  hydrogen  ;  but  it  is  certain  that  in  one  form,  at  leatt> 
of  what  is  called  ozone,  oxygen  alone  is  to  be  found. 

Ozone    is    formed  instantaneously  by   lightning,   bo   that  its 
peculiar  smell  is  at  once  perceived  at  a  great  distance  from  the  i 
spot  where  the  discharge  occurs.    It  is  evident,  therefore,  that  the] 
air  must  always  contain  ozone.     liut  the  ozone,  from  its  very  io- 
tcuse  action  on  all  oxidisable  matter,  is  consumed  as  fast  as  it  i*| 
formed,  so  that  it  never  accumulates.     Indeed,  although  traces  of 
ozone  may   generally  be  detected  during,   or  very  soon  after, 
thnadentorma,  by  its  turning  blue,  paper  oovered  with  iodide  of  ' 
potaanmn  and  starch,  and,  although  it  may  even  be  detected  at 
other  times  oocairionally,  yet  it  is  easy  to  see  that  oxygen  in  so 
aotive  a  state  most  be  removed  from  the  air  by  the  various  de«d 
organic  matters  in  contact  with  it,  and  the  vapours  of  orgaaic 
origin  dilTust^d  through  it. 

When  finely  divided  phosphorus  is  exposed  to  the  air,  it  begins 
at  ODoe  to  undergo  oxidisation.     Now  we  know  that  when  phos- 
phorus is  placed  at  the  bottom  of  a  bottle,  ozone  is  soon  formed  in] 
the  air  about  it.     It  is  this  ozone,  I  conceive,  which  oxidises  tha 
phosphorus,  at  least  at  firsU    The  temperature  gradually  riaea,! 
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;e  eirmacaasds  is  tliereby  accelerated,  a  higher  temperature  u 
nil,  and  thus  aotiun  nod  reaction  go  on,  till,  at  about  100*, 
ly  in  tlie  gpaoe  of  one  or  two  minutes,  the  phosphorus 
into  tlAiue.  I  have  seen  this  hapjion  with  solid  sticks  of 
plmpJiorus,  half  covered  with  water,  and  it  seems  probable  that 
amw  is  Iicre  the  agent  in  pro<luciog  the  oxidation.  Such  also  in,  , 
I  believe,  the  origin  of  the  epontaneoua  combustion  of  charcoal 
iwder,  of  cotton  or  tow  steeped  in  oil,  and  dmilar  matters. 
Now  thr  -amp  agency  pruduoeg  analogous  results  on  dead 
li  is  no  sooner  exposed  to  air  uiid  moisture 
",  due,  as  I  conceive,  to  ozouu,  either  already 
I  iu  liiB  air,  or  produced  at  the  surface  of  the  organio 
at  the  surface  uf  phosphorus. 
Wben  the  oxidation  or  uremucausis  is  once  established,  the 
tHnpentnre  rises  u  little,  and  then,  at  a  certain  temperature,  the 
pnetm  is  probably  carried  on  by  the  ordinary  oxygen,  for  ozone 
dcstroyvd  by  a  moderate  degree  of  heat, 

Btariog  all  this  in  mind,  we  can  easily  see  how  imjiortant  the 

cX  ozone  in  the  air  is  ;  we  can  see  how  it  coutributes  to 

Tsrt  into  the  guseous  food  of  plants,  carbonic  acid,  water,  and 

,  all  dead  organic  matter  ;  while,  at  the  same  time,  wu 

;Te  Uiat  if  ozone  were  not  thus  consumed  as  fast  as  it  is 

and  if  it  could  accumulate  in  the  air,  it  woiUd,  from  the 

ity  of  its  oxidising  action,  destroy  or  bum,  not  only  all  dead 

,  but  all  living  plants  and  animals. 

better  show  how  very  limited  our  knowledge  of 

suil  li,  and  how  muuh  we  have  yet  to  Icam,  even  oon- 

th«  commonest  and  apparently  tbe  most  8im|ile  natural 

going  nn  around  us,  than  the  fact  that  the  important 

9f  atone,  nay,  its  very  existence,  were  but  a  short  time 

■ttcrly  unknown.     And  yet  it  ia  quite  conoi'ivable  that,  with- 

Um  (unnatton   uf  ozone,  and   its  continual  uun.suniption  in 

desay  of  di'«d  orgauio  matter,  the  whole  system  of  ouimal 

W|;«ta)ile  life  might  be  brought  to  an  cud,  simply  by  the 

inJation  of  dead  animals  luid  [ilants.     For  if  the  commence-| 

only  of  their  oxidation  or  orcmaoausis  depend   on   ozone,  | 

ice  of  that  body  would  put  an  end  to  eremocausiii,  and 

t  w.iiiM  b«,  that  the  supply  of  oarbonio  arid  and  ammonia, 

tiould  furnish  to  plants,  would  fail,  and  vegetation 

This,  as  a  nooessary  oonsequunoe,  would  put  an 

Uo. 

•  ■  - T'nnsifl  is  observed  in  the  case  of  the 

and  ammonia  on  certain  colourless 

1!   j>rLxiiiriii,  wijiiii,  iilisorbing  those  gases  grvcdily,  ma 

tku  waTnied  into  uitiogcaiicd  compoundn  of  very  line  \>1\m 
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purple  oolonrs.  Of  this  ve  hare  examples  in  oroine,  erythrine, 
•nd  pbloridztne ;  and  there  is  good  reason  to  attribute  the 
iformation  of  indig^o,  from  a  juice  devoid  of  blue  colour,  to  an 
f  aotion  of  this  kind,  since  botit  oxygen  and  ammonia  appear  to 
be  neoossory  to  its  production.  The  transformation  of  allozantine 
or  of  uramilc  into  murcxide  also  depends  on  the  aimultaneoos 
action  of  ammonia  and  oxygen. 

b.  Indirect  Oxidation,     The    indirect  oxidation    of    organic 

ompounds  may  bo  cfTected  in  a  variety  of  ways,  as,  for  example, 
by  nitric  acid,  the  action  of  which  we  shall  presently  describe 
along  with  that  of  otlitr  acids  ;  by  hyponitrous  acid  ;  by  certain 

its,  OS  by  jwrmanganate  of  potash,  which  convert*  sugar,  for 
fexamplc,  into  oxalic  acid  ;  or  by  the  employment  of  a  mixture  of 
bichromate  of  potash  and  diluted  sulphuric  acid,  by  which  means 
solicine  may  be  made  to  yield  the  hyduret  of  solicyle  (oil  of  spiraa); 
by  the  action  of  sulphuric  acid,  and  of  peroxide  of  manganese,  as 
when  alcohol  is  converted  into  aldehyde  ;  or,  finally,  by  the  com- 
bined action  of  heat  and  hydrated  alkalies,  as  when  indigo,  heated 
with  potash,  gives  rise  to  anthranilic  acid,  hydro2;en  being  given 
oiF;  or  acetates,  heated  with  baryta,  yield  mursh  gus  and  car- 
bonates. The  use  of  fusion  with  caustic  potash  as  an  oxidising 
agent  is  an  important  means  of  obtaining  a  less  perfect  oxidation 
than  is  the  result  of  some  of  the  other  processes  ;  and  it  has  lately 
led  to  some  very  interesting  discoveries  in  animal  chemistry. 

Chlorine  is  also  used  as  an  oxidising  agent.  It  acts  in  ^■irtne 
of  its  very  strong  attraction  for  hydrogen,  deeomjKising  water, 
when  the  nasoeut  oxygen  acts  powerfully  on  the  organic  compound. 
A  mixture  of  chlorate  of  potash  with  hydrochloric  acid  is  also 
employed,  and  is  a  useful  means  of  oxidation. 

As  a  general  rule,  oxidation  has  the  effect  of  causing  the  forma- 
tion of  compounds  less  complex  than  those  organic  bodies  which 
yield  them.     Thus  sugar,  starch,   and  many  other  substances, 
^-irhen  oxidised  by  nitric  acid,  yield  oxalic  acid.     Now  sugar  and 

arch  contain  at  least  12  eqs.  of  carbon,  while  oxalic  acid  contains 
not  more  than  4  eqs.,  (rassibly  only  2  eqs,  of  carbon. 

2.  Actiiin  of  Acidt  on  Organic  Coinjtniiiida.  This  notion  is 
very  various ;  the  two  acids  most  frequently  employed  are  the 
nitric  and  sulphuric  ncids,  and,  as  might  be  ex])ected,  the  former 
acts  more  us  an  oxidising  agent  than  the  latter. 

When  sugar,  for  example,  is  heated  with  nitric  acid,  the  latter 
loses  oxygvu,  for  nitrous  acid  is  given  off  in  enormous  quantity  ; 
wliilo  the  elements  of  the  sugar,  by  the  action  of  the  oxygen  are 
made  to  combine  to  as  to  produce  ooraiiounds  of  less  complex 
radicals  than  that  of  sugar  probably  is.  Among  the  products  aro 
vatitr,  curbome  acid,  oxaUo  acid,  and  saocfaarie  acid,   beaidM 
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1  not  yvt  investigated ;   bnt  the  three  first  soffldentlj  show 
!  t«Ddenej  of  oxidittion  to  promote  the  formation  of  less  complex  i 

nitric  acid  acts  on  organic  matters,  there  is  generally 

e  acid,  if  not  more,  among  the  produots,  and  in  this  way 

Ig«  number  of  acids  have  been  discovered.     Examples  of  this 

muoio  add  from  gum ;    indigotie  and  nitropicric  acids  from 

margario  acid  from  stearic  acid  ;    suberic  and  succinic 

I  from  oily  acids,  besides  many  others.     It  frequently  happens 

apounds,  whether  aoid  or  neutral,  formed  by  the  action  of 

:  on  organic  matter,  contain  hyponitrous  acid  as  a  oon- 

it,  substituted  for  its  equivalent  of  hydrogen.     This  is  the 

ith  nitrobenzide  from  benzine,  and  with  nitronaphthalose, 

i  whole  series  of  compounds  discovered  by  Laurent  in  bis 

'  of  the  action  of  nitrio  aeid  on  naphthaline.     The  nitropiorio 

alM  Kontains  nitrous  acid  in  place  of  hydrogen.  Some  organic  \ 

;  as  tnorphia  and  bruoia,  strike  a  deep  red  colour  with  nitrio  i 

I  action  of  hyponitrous  acid  on  some  organic  compounds  is 

t*Tj  remarkable.    A  neutral  or  acid  amide,  acted  on  by  this  aoid, 

•0  oxidised  as  to  yield  the  acid  from  which  it  was  derived. 

bos,   ox  amide,   Cj  Oj,    Jf  fli    acted  on    by   hyponitrous   acid, 

r(H,  yields  oxalic  acid,   water    and  nitrogen,  CiO«,   NUi-f 

1 0»^  Oi  O, ,  2  n  *^  +  N» .     By  this  means,  when  an  amide  is 

i;ig  acid,  the  latter  may  be  obtoined, 

jh  i.ine,  its  omido,  and  bouzoglyoolic 

hippunc  acid,  wiiich  is  its  aoid  amide. 

ainiJ'  •<.   >iiioh  as  ethylamine   (ethylamide),   when    thus 

L,  ■  'rrcsputiding  alcohol,  or  else  the  ether  of  that 

•<ji  -     ,!h  another  portion  of  byjionitrous  aoid.    In 

Iter  oaar,  the  alcohol  can  be  obtained  from  the  hyponitrite  of 

Thus,  ethvkmine  C.  U?  N  +  2  N  Oj  =  (C  Hs 0,  N  0» ) 

all  0  +-  N.;  and  (CiU.O,  N  0» )  +  K  0,  U  O  =  (C«  H»0,  H  0) 

'^'  <  >•  V     Hence  from  any  volatile  base  we  can  obtain  the 

ilflohoL 

irio  acid  is  made  to  act  on  organic  componnds,  it 
riiblii  proportion  of  them  by  virtue  of  its  attraction 
1  hydrogen  in  the  form  of  water.     But  in  many 
'■s  very  different  eflV-cti!.     Ilius,  by  boiling  with 
banc  ai'Ki  and  water,  starch  and  ligninc  are  converted  into 
I  •OKar.     In  othrr  oa«'«,  the  aulphurio  aoid  seems  to  Into  so 
■wb  exyipin  a>  tu  produce  liyposulphurio  acid,  which  ctitcn  into 
nUiMltkm  with  an  organic  i'<jni|H>iiiiil,  furmtng  a  new  noifl,  as 
I  •nlpbttrie  aoid  acts  <m  H'-  ;>h- 

\^M:  or  on  beozuio  auiu ,  .^id; 

u  2 
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or  on  alcohol  under  certain  oircumstonoes,  when  an  aoid  ii 
produced  (.>ontauuiig  the  elements  of  hj'posalphuric  acid  and  of  i 
carbo-bydrogcn.  la  other  cases,  the  su1])huric  acid  combino 
unchanged  with  the  organic  compound,  as  in  sulpho\iuio  acid, 
wliick  is  a  bi^ulphate  of  oxide  of  ethyle ;  sulphomclbylio  acid,  and 
others. 

Many  organic  compounds,  heated  with  ezoesa  of  sulphorio  seid, 
arc  entirely  decoui>osed,  yielding  water  which  combinett  with  the 
acid,  and  other  products  which  are  disengaged.  Thus  oxalic  Mid 
is  resolved  into  water,  oarbuoio  aoid,  and  carbonic  oxide  :  fomitci 
acid  into  water  and  carbonic  oxide ;  alcohol  into  water,  olofiant 
gas,  and  other  products. 

Several  organic  compounds  ore  diasolTod  by  (nlphtmo  aoid  with 
the  production  of  a  tins  red  or  purple  colour.     Salicine  strikes  • 
red  colour  with  the  acid,  and  oedriret,  one  of  the  constitu«D< 
tir,   dissolves  io  it  with    a    deep    blue    colour,   as    does 
naphtboluse. 

Phosphoric  acid  may  be  employed  in  some  oases  to  remove  water 
from  organic  compounds,  as  it  does  not  char  them.  Likosulpbiirio 
acid,  it  forms  with  oxide  of  ethyle  an  aoid  salt,  known  m 
phosphovinic  uoid. 

Hydrochloric  acid  and  its  congeners  have  no  very  extensive 
action  on  organic  substances.  With  alcohol,  hydroohlotio  aioid 
gas  yields  chloride  of  ethyle  ;  and  a  current  of  this  gas,  passed 
through  an  alcoholic  solution  of  a  fatty  acid,  gives  rise  to  the 
compound  of  the  fatty  acid  with  oxide  of  ethyle,  which  would 
otherwise  be  obtained  with  difficulty.  With  oil  of  turjientine,  oil 
of  lemons,  and  some  other  essential  oils  composed  of  carbon  and 
hydrogen,  hydrochloric  acid  g:as  combines,  forming  solids  ro- 
sembllug  camphor.  PjToxanthine,  a  substance  contained  in  Uvr, 
disMlves  in  strong  hydrochloric  aoid  with  a  tine  and  deep  purple 
colour. 

3.  Action  of  Batet  on  Organic  Compoundt.  Hydrated  basos 
unite,  of  cuurae,  with  organic  acids  ;  and  when  heated  with 
neutral  substances,  they  generally  give  rise  to  the  formation  of 
ooids,  such  as  acetic  and  oxalic  acids,  or  even  oorbonio  aoid, 
oxygen  being  token  from  the  water  of  the  base,  and  hydrogen 
being  disengaged,  or  (if  the  organic  body  contain  nitrogen), 
hydrogen  and  ammonia.  This  property  of  hydrated  hoses  it 
employed  as  a  means  of  converting  all  the  nitrogen  of  organio 
oumi>oimds  into  ammonia,  and  in  this  form  determining  its 
quantity. 

The  presence  of  bases  greatly  promotes  the  absorption  of 
atmospheric  oxygen  by  or)ganio  lubttauoes.  This  is  the  reason 
why  alkalies  oitast  eremooauaia.    The  some  efl'vol  is  very  oon- 
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pieaoos  in  the  change  which  the  salts  of  g^allic  acid  (and  some 
lier  acids)  undergo  when  exposed  to  the  air.     A  solution  of  an 
kaline  gollate  absorbs  oxygen  very  rapidly,  and  becomes  verjr 
"    '    •  oiidisod  in  a  far  shorter  time  than  if  tha 
r,  iiined.     This  is  still  better  seen  in  pyrogallio 

acid,  wliich  indeed  furnishes  a  means  of  determining  directly  the 
proiwrtion  of  oxygen  in  gaseous  mixtures. 

4.  Aetinn  of  Heat  on  Orijanie  Compounds  in  clone  VetteU.  Thi, 
action  is  known  under  the  name  of  the  degtructire  distillation.  It 
miut  be  considered  as  a  combustion  with  a  Tcry  limited  supply  of 
o*HB»o.  thot,  namely,  afforded  by  the  substance  itself.  A  Tory 
variety  of  compounds  is  produced,  many  of  them  Tcry 
and  useful.  The  destructive  distillation  may  be 
I  it  aifects  substances  contaiaing  nitrogen,  and  sub- 
oid  of  that  element.  Many  pr«jdacts  are  common  to 
oih  coses,  but  many  also  ar«  confined  to  one  case,  especially  Xn 
at  of  nitrogenieed  substances. 

Tb0  dcntmetiTC  divtillation  of  non-nitrogeni^od  substances  has 

1  chiefly  studied  in  the  cose  of  wood,  which  when  heated  in 

!  Tenets,  yields  a  great  variety  of  products :    some,  binary 

Dtn|xnmdR,  such  as  poraffine,  naphthaline,  eupione,  water,  oar- 

booio  oxide,  carbonic  acid,  marsh  gas,  and  oleiiant  gas:  others 

tcraafy,  tuoh  as  acetic  acid,  C*  H»  Os ;  hydratcd  oxide  of  mcthyle 

or  pyiorylio  spirit  (C«  Hs )  0,  H  0  ;  lignone,  xylite,  mesite,  and 

'herial  liquids,  composed  of  the  same  elements  as 

.  and  very  similar  to  it  in  properties ;  creosote ; 

ir ;    caiiu<imore  ;     oedriret ;     pittacal,   and    pyroianthine, 

I  many  other  others,  not  yet  properly  investigated. 

fatty  or  resinous  bodies  are  subjected  to  the  destructive 

■tion,  there  are  obtained,  besides  other  compounds,  two  solid 

-hydrogens:  chrysene,  C»H.  and  pyrene, Cio H« ;  which  also 

'  unong  the  products  of  the  distillation  of  coal. 

This  Utter  distillation  may  servo  as  an  example,  the  best  known, 

the  action  of  heat  on  nitrogenised  organic  bodies ;    for  coal 

a  certain  although  small  proportion  of  nitrogen.     The 

dncta,   besides  creosote,   paraffine,  naphthaline,  and  probably 

•eraral    others  of    those    obtained    from   wood,    include    much 

taUBonia,  hydrocyanic   acid ;     some    peculiar    non-nitrogoniied 

add*,  •«  carliolio  acid,  Ci«  Hs  0,  H  O  (a  remarkable  compound, 

'  an  odour  resembling  that  of  creosote,  aud  yielding,  when 

to  various  re-agcnts,  an  extensive  series  of  new  coin- 

[&nnge,  Laurent]^-  -   'i;  ■  -ind  brunolic  acids:  and  three 

rkablc  series  of  II  !  bases,  containing  no  oxygen, 

beseries  of  aniline,  v  n  1 1?  .V,  of  which  several  ore  known, 

I  with  aniline  and  higher  in  the  scale ;  that  of  picoline. 
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Ci»  H?  If,  isomeric  ■with  the  first,  but  difforing  from  them  in 
properties,  and  that  of  leukoline  or  ohinoline,  Cis  lis  N,  of  which 
tlie  other  members  are  not  yet  studied.  Besides  these,  there  is  a 
fourth  series  of  bases,  one  of  which  was  named  by  Runge  pjrrol, 
and  which  Anderson  has  to  some  extent  described  as  the  pjTiuI 
(pyroline)  series  of  bases.  These  different  bases  are  more  abundant 
in  the  products  of  the  distiUation  of  the  more  highly  nitrogenised 
animal  matters  mentioned  in  the  next  paragraph.  Finally, 
paranaphthalinc,  or  anthracene,  Cao  Hi«,  and  coal-tar  naphtha, 
which  is  used  as  a  solvent  for  caoutchouc. 

The  distillation  of  animal  matter,  such  as  hoofs,  horns,  or  bones, 
yields  analogous  results,  but  is  characterised  by  the  very  large 
amount  of  ammonia  which  is  obtained,  animal  matter  being  richer 
in  nitrogen  than  coal  is.  This  ammonia  appears  as  carbonate, 
which  salt  is  thus  manufactured,  and  hence  was,  and  ooca- 
^  aioually  still  is,  called  salt  of  hartshorn.  The  oil  from  animal 
matter  also  contains  several  of  the  new  bases  of  the  ethylomine 
series,  as  well  os  of  the  series  of  aniline,  and  of  those  of  picoline, 
pyroliae,  and  leukoline,  according  to  the  expcrimeuts  of  Dr. 
Anderson. 

Many  organic  acids,  when  heated  in  close  vessels  to  a  oertain 
■  temperature,  short  of  the  destructive  di»tillation,  undergo  a 
Tomarkable  decomposition ;  carbonic  acid  is  given  off,  and  there 
remains  a  new  acid,  which  is^called  a  pyrogenous  acid,  or  pyro- 
acid.  Thus  meconio  acid,  at  a  certain  temperature,  yields  car- 
bonic acid  and  komenic  acid ;  while  komenic  acid,  if  heated  in  its 
turn,  yields  carbouio  acid  and  pyromecooic  acid.  Wo  have  also 
pyromuoic,  pyrotartario,  or  pyrorooomio  and  pyroeitrio  aoida ; 
citric  acid  yielding  three  pyro-acida,  aconitic  (e<juisetio),  itaconio 
and  citnvcouic  nuids,  and  malio  aoid  also  yielding  two,  maloio  and 
paramak-ic  or  fumaric  acids. 

From  the  above  statements,  it  is  obvious,  that  the  action  of  heat 
on  organic  compounds  gives  rise  to  a  very  large  number  of  import- 
ant products,  of  which  only  the  most  remarkable  have  beea 
.named.     All  will  be  described  in  their  proper  places. 

5,  Action  of  FermenU  on  Organic  Compounds.  Of  this  action 
the  best  known  and  most  important  example  is  the  fermentation 
of  rogar,  by  which  it  is  resolved  into  alcohol  and  carbonic  acid. 

The  ciroumstonoes  under  which  this  metamorphosis  occurs  are 
Ptiieae:  the  sugar  must  be  dissolved,  the  solution  must  have  a 
oertoin  temperature,  and  there  must  be  present  a  ferment,  such 
a«  yeast  or  some  analogous  lio<ly.  In  the  juice  of  the  grape  a 
ferment,  the  tibrinous  or  oaaeoui  oonstitucnt  of  the  juioe,  ia 
naturally  present ;  and  Oay  Lossao  showed  that  the  contact  uf 
ktmosphvrical  air  woa  necevsary  to  commence  the  feruontution, 
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tint  UiU  contact  with  the  atmosphere  might  be  only  for  a 
■  brivf  jierioJ,  after  which  air  was  no  longer  necessary, 
tie  ferment  is  always  a  very  complex  compound  of  nitrogen, 
iO»  flbrine  and  the  like,  iiov/,  besides  the  natural  tendency  of 
splox  oompouflda  to  undergo  decomposition  readily,  we 
rvffivmber  thut  nitrogen  is  a  most  peculiar  elemeut,  which 
by  it«elf,  and  whose  ix>sition  on  the  electro-chemical  scale 
I  near  the  middle,  between  the  metalloids  on  the  one  hand,  and 
the  nietola  on  the  other.  It  has  strung  attractions  both  for  oxygon 
liir  hydrogen,  yet  combines  with  neither  directly.  For  the 
Ait  in  general,  such  as  chlorine,  &c.,  sulphur,  &o.,  it  has 
I  grvat  ikiBnity,  and  this  is  true  ol^o  of  its  relation  to  the  metals, 
.  it  eou  oombiiic  with  most  of  them,  indirectly,  and  these  oom- 
'  I  are  oaualiy  so  unstable  as  to  be  explosive.  Its  attraction 
b  considerable,  and  carbon  is  anotlier  element  which 
without  congeners.  Now,  such  being  the  properties 
U  is  evident  that  complex  uitrogenised  substances 
element,  whose  attractions  are  equully 
'lus,  be  peculiarly  liable  to  change. 
U  now  doulitiiil  whether,  as  Gay  Lutisno  supposed,  the 
■lou  of  nir  to  the  ferment  acts  by  oxiilation  in  producing 
For  if  the  air  be  admitted  through  a  tube  loosely 
LVitlt  cotton  or  asbestua,  to  a  vessel  containing  grape  juice 
don  of  malt,  no  change  occurs.  The  reason  is  supposed 
at  the  air  contains  the  genus  of  minute  fungi,  which  find  ^ 
1  ib»  Mechorine  jnice  a  pabulum,  and  are  there  developed,  and  * 
Uiia  is  the  immediate  origin  of  that  decomposition  of  the  I 
,  &«.,  which  enables  it  to  excite  fermentation  in  the  sugar. 
U  wt'U  known  that  ferment  or  yeast  is  in  a  great  measure 
'  ip  of  a  cellular  plant,  and  it  would  appear  that  the  germa 
ttttf  |dant  abound  in  the  atmosphere,  and  when  they  find  a 
of  flbrine,  &o.,  grow  in  it,  and  in  so  doing  excite  u 
ion  is  the  fibrine,  which  being  communicated  to  the 
,  MUie*  it  to  ferment.  The  change  thus  induced  in  the 
flMae  baa  biM>n  supposed  to  bo  putrefaction,  or  a  state  analogous 
tpit,  bemnae  pntr«scent  orfrauio  matter  is  found  to  act  as  a  fer- 
■•Bt  on  ■ngsr.     Hut  it  m<i  nibcred  that  such  putrescent 

iDatt«r,  it  exposed  to  air,  »  >  i  the  germs  alluded  to. 

It  haa  been  found,   however,  tliat  certain  solutions,  such  as 
iafilrfuH  of  meat,  and  oLki  moist  (Icsh,  will  putrify  and  become  ' 
faraMBta  airMt  when  the  air  admitted  has  passed  through  a  tubo 
flllad  With  isitUin  or  asbontus.     It    would  seem,  then,  that  two 
mxe^f.  u  producing  that  change  in  hbrine  and  similar 

lies,  ^,       .  .i:]i  they  become  ferments,  although  tliu  tibrinc  in 
■pe  joica  and  infasuin  of  malt  does  not  undergo  this  change  In 
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air  wliich  has  been  filtered.  In  whatever  way  the  chnage  ii 
{jruduocd,  the  (ibriuu  aKjuircs  tho  property  uf  causing  m>g»r 
to  ferment  tuuler  tlie  ciicumstanoea  and  oonditious  oltMdy 
mentioned. 

Berzeliua  and  others  oonocive  that  tho  ferment  acts  by  oontaet 
in  some  way  not  very  clearly  defined,  by  catalysis,  as  it  is  called, 
Ks  they  conceive  sulphuric  acid  to  do  in  the  formation  of  ether 
from  alcohol.  But  Liebig  hoa  proved  that  in  this  latter  case  the 
acid  first  oumbinos  with  ether  (oxide  of  ethyle)  formiufi^  solpho- 
vinic  acid  (bisulphate  of  oxide  of  ethyle),  and  that  this  oompoond, 
at  a  temperature  rather  higher  than  that  at  which  it  is  formed, 
ia  decomposed  into  hydrated  sulphnrio  acid  and  ether  which 
distils  over.  The  same  chemist  has  pointed  out  many  other 
tiistanoes  of  the  efiect  of  contact,  even  in  inorgaoio  chemistry; 
such  as  tlie  action  of  oxide  of  silver  on  peroxide  of  hydrogen, 
where  tho  former  compound,  by  contact  with  the  latter,  not  only 
droomposes  it,  causing  oxygen  to  be  rapidly  given  off,  but  is  itself 
decomposed,  losing  all  its  oxygen ;  the  solution  in  nitric  acid  of 
'  I  an  alloy  of  platinum  and  silver,  wliile  platinum  alone  i«  insoluble 
in  that  acid  ;  or  the  action  of  carbonate  of  silver  on  certain 
organic  acids,  which  caiise  a  disengagement  of  carbonic  acid,  this 
disengagement  being  attended  with  a  partial  reduction  of  the 
oxide  of  aUver. 

These,  and  many  other  more  familiar  cases,  particularly  thoee 
where  a  compound  ia  decomposed  with  detonation  in  oonsequeaoe 
of  a  slight  touch,  or  gentle  friction,  a  moderate  elevation  of 
temperature,  or  the  contact  of  another  substance,  (e.  g.  chloride 
of  nitrogen  with  oil)  all  tend,  according  to  Liebig,  to  establish 
the  doctrine  that  in  certain  compounds  the  balance  of  a£Snities 
is  onatablc,  and  therefore  easily  overturned,  either  by  ohemical 
or  by  mechanical  influences. 

The  comiwunds  which  ore  capable  of  fermentation  or  any 
similar  metamorphosis,  ore  all  of  them  bodies  in  which  such  an 
nn9t«ble  equilibrium  exists ;  they  are  all,  in  jraint  of  fact,  easily 
decomposed  by  mtmy  different  agencies,  such  as  heat,  •oidi, 
Tmaoe,  oxygen,  chlorine,  &c.  Now,  we  cau  otitir  no  other  expUiM- 
tion  of  these  facts  of  fermentation  than  tliis,  that  when  a  body 
in  a  state  of  progressive  change,  the  particles  of  which  are 
consequently  in  a  state  of  motion,  is  placed  in  oontaet  with 
another  body,  the  particles  of  which  ore  in  a  state  uf  unstable 
equilibrium,  tho  amount  of  motion  mcolianically  oommunioated 
to  tho  particles  of  the  latter  from  those  of  the  I'urmer,  is  sufficient 
to  ovortjirn  the  oxiiiting  equilibrium,  and,  by  the  formation  of  a 
new  compound,  to  establish  a  new  equilibrium  more  stable  under 
the  given  circumstances. 
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l^era  i»  nothing  unphilosophioal  in  this  explimatioii,  and  it  ia 
to  iw  OOTuddered  on  tlie  best  theory  of  fermentation  yet  attempted. 
AoeordiBg  to  thu  ricw  of  Liebig,  a  ferment  is  merely  a  ooiu)>ound 
ia  a  ilafai  ^of  decomjiositiun,  capable  of  setting  in  motion,  and 
Uicf«ti3r  brining  aUo  into  a  state  of  decom(>osition,  the  portioles 
»f  ■aoUwfT  oompoond,  tlie  existcnoe  of  which  depends  on  a  nice 
babaoe  uf  affinitieit. 

I Ob  Um  othw  bftitd,  the  view  adopted  by  Berzelius,  according 

^^■p  wideh  fermentation,  and  nil  the  other  phcnomcun  of  chemical 
^^Hnags  prodnecd  by  contact  arc  the  results  of  a  peculiar  unknown 
^Hkcee,  tbs  catalytic  force,  coming  into  action  when  certain  bodies 
^Bm  plaead  in  contact,  appears  unphilosophiool,   as  in  the   first 
plaM,  •wumiug  the  existence  of  a  new  force  where  known  forces 
woold  rafflrc  to  explain  the  fitctfi ;  and,  secondly,  as  furnishing 
ao  r<  ition,  but  merely  acknowledging,  indirectly,  our 

iaaibiii  ,  r  any  such  explanation.     When  we  ascribe  an  eli'oct 

to  aktalyaia,  we  are  only  saying,  in  other  words,  that  we  cannot 
•MOimt  for  it ;  outalysia  is  thus  merely  a  convenient  term  for  all 
tbat  we  do  not  understand.  And  to  the  use  of  the  word  in  this 
M3UO,  namely,  as  a  name  for  the  agent  which  produces  certain 
cfcuftii  the  ag«nt  itself  being  unknown,  there  would  bo  no 
otiitetioo,  were  it  not  that  oatulysis  has  been  employed  to  account 
for  pbvDoneua  not  only  different  from  each  other,  but  actually  of 
•n  opposite  kind.  For  example,  platinum,  in  causing  the  coin- 
6wa/ion  of  oxygen  and  hydrogen,  is  said  to  act  catulytieally,  and 
Ilia  Mftioa  of  oxide  of  manganese,  or  oxide  of  silver  in  decom- 
BiM&lc  peroxide  of  hydrogen,  that  is,  in  causing  the  u-jMiration  of 

Kud  faydrogun,  is  also  called  oatal)i.iu.      This  example 
how  looaely  ttie  word  has  been  employed,  and  how  vague 
views  which  have  led  to  it.s  introductiun. 
A  van«ty  of  important  and  intfrosting  processes  come  under 
IIm  head  of  ■otion*  caused  by  fcrmeuts  ;   the  production  of  alcohol 
I    i'Aat  wii^r,  i<f  oil  of   bilt«r  olmouJs  from  amygdaliiie,  and  of 
I^^^Br  >  rio  acids  fpjra  uauu  sugar  or  sugar  of  milk,  aro 

^^^^■x  t  this  ;  and  in  each  of  these  cases  the  ferment  is 

^Hpmilisr.     In  tho  ooae  of  sugar  it  is  yeast,  or  gltit<'U  undergoing 
^Bnmaakuaii  and  putrofaotion  ;  in  the  cose  of  amygdalinc  it  is 
unnlsme,  a  pveulior  niodilicatioa  of  ulbumun  ;  and  in  the  ease  of 
•  or  sugar  of  milk,  when  oonveitcd  into  luetic  or  butyric 
|it  t>  oit*«iu<-,  the  uitrogtnised  constituent  of  the  milk. 

-■  "f  air  is  rtujuired  at  first,  as  above  explained,  to 

;n  tho  gluten,  librino,  or  other  similar  body,  which 

<iiL  lUta  eremarnuais,  or  if  air  be  excluded,  into  putre- 

fMtMO,  are  cajMhle  of  acting  as  ferments. 

la  Oia  aotioas  induced  by  fermeuta,  w«  ore  to  distinguish  those 
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in  which  some  external  element  or  element*  ore  added  to  thoM 

of  the  compound,  which  cases  resemble  ordinary  decompositions, 

from  those  in  which  the  elements  of  the  decomposed  body  merely 

transpose   themselves,  producing  new  compounds.      The   latter 

^arc  properly  and  strictly  termed  metamorphoses.     Fermentations, 

lis  which  oxygen  is  absorbed,  are  examples  of  eremaoausis.  and 

It  has  already  been  mentioned  that  a  body  in  a  stato  of  ervnut- 

Foausis  acts  on  other  bodies  as  an  excitant  of  the  same  ohongv, 

that  is,  08  a  ferment. 

Indeed,  most  ferments,  whether  they  indnce  eremacansia,  or  a 
more  pure  metamoqjhosis  in  other  bodies,  arc  them&elres  in  a 
state  of  ercmacausis,  at  all  events  in  the  commencement  of  the 
change. 

The  subject  of  fermentation  and  ferments  will  be  bereaitcr 
nore  especially  considered,  in  connection  with  fermentesoible 
'  oompounds :  here  the  subject  is  merely  treated  ia  a  geoensl 
way. 

Putrefaction,  under  ordinary  circumstances,  partakes  largely 
of  eremacausis,  and  diifers  from  the  ordinary  kind  only  in  the 
offensive  odour  of  some  of  the  products,  chiefly  compounds  of 
sulphur  and  phosphorus,  as  sulphuretted  and  phosphurett«d 
hydrogen.  When  air  is  excluded,  putrefaction  goes  on,  provided 
moisture  be  present,  and  it  is  then  a  metamorphosis,  giving  rise, 
in  the  case  of  vegetable  matter  putrefying  under  wat«r,  or  in  the 
strata  of  mines,  to  gaseous  products,  such  as  marsh  gas  and 
olotiant  gas,  constituting  with  air  the  fire-damp,  and  oarbonio 
acid,  which  ia  the  choke-damp,  of  the  miner. 

Animal  matter,  in  a  state  of  putrefaction,  as  putrid  flesh,  blood, 

cheese,  or  wine,  acts  as  a  ferment,  and  is  capable  of  causing  the 

aetamorphosis  of  sugar  into  alcohol  and  carbonic  acid,  as  well 

of  inducing  eremacausis,  and  also  propagating  a  putrefactive 

[decomi>osition  analogous  to  its  own.     Thus,  it  is  well  known  that 

>esh  cheese,  if  inoculated  with  decaying  cheese,  soon  passec  into 

iccay,  spreading  from  the  seat  of  the  inoculation. 

We  shall,  hereafter,  sec  that  it  is  probable  that  some  poisons 
and  miasmata  act  as  forments  on  the  blood.  The  singular 
sausage  poison  of  Wurtemburg  is  animal  matter  in  a  peculiar 
state  of  decay,  and  docs  not  contain  any  poisonous  compound, 
only  a  poisonous  ttaU  or  condition  ;  and  the  same  prindplo 
may  hereafter  be  found  to  furnish  the  true  explauutiou  of 
Contagions. 

Kermcntiitidn,  putrefaction,  and  eremaotnus  an  all  promoted 
by  the  name  ciroumstoiioes,  and  arrested  by  the  some  inflnenoo*. 
Antiseptics  ore  subatanoet,  whicli,  by  combining  with  the 
fermuut,  or  a  port  of  it,  or  even  with  the  body  to  be  fermented, 
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:  the  continuance  cither  of  the  decomposition  in  the  fennent, 

be  fermentation  itself,     Coirosive  snljlimnte  and  arsenic, 

are  powerful  antiseptics,  combine  with  animal  matter,  and 

with  it  stable  compounds ;  ovosote  combines  energetically 

ith  albumen,  &e.,  &c. 

In  fermentation,  properly  so  called,  the  elements  of  the  ferment 

Ice  DO  chemical  share  in  the  metamorphosis  of  the  body  acted 

^tn  by  the  mechanical  agency  above  explained.     That   body   is 

naolred  into  two  or  more  new  compounds  of  less  complex  radicals. 

I  elements  of  water  may  or  may  not  take  part  in  the  change ; 

1  they  do,  as  in  the  case  of  sugar,  the  weight  of  the  products, 

Uiis  c«te  alcohol  and  carbonic  acid,  is  equal  to  that  of  the 

plvt  a  certain  weight  of   water.      As,   when   water  is 

.  in  TspooT  orer  carbon  at  a  white  hent,  the  carbon  ia  shared 

etweea  tlie  oxyirr'n  nnd  hydrogen,  producing  carbonic  acid  (or 

ie),    on  I'ydrogen,   so  in  the  metamorphosis  of 

,  ao'i  .3  cases,  we  hare  on  the  one  hand  an 

ooni|>ouiid,  v^  Uie  case  of  sugar  represented  by  carbooio 

and  on  the  other  a  compound  in  which  part  of  the  carbon 

to  all  tlie  hydrogen  (in  the  cose  of  sugar,  the  alcohol), 

results  are  obtained    when   alcohol   or  acetic  acid   are 

Imorphosed  by  heat,  and  this  may  be  viewed  as  a  general 

borvoter   of  the    metamorphosis    of  non-nitrogenised    bodies ; 

namely,  that   the  carbon  is  divided  between  the  oxygen  and! 

jiydrogcn. 

la  putrefaction,  again,  the  ferment  plays  a  chemical  port  in  the 

k,  and  two  or  more  compounds,  the  ferment  and  the  putrefying 

(  or  bodies,  combine  to  give  rise  to  new  compounds,  with  or 

the  elements  of  water.     Putrefaction  is  generally  the 

eristic  transformation  of  nitrogenised  compounds,  and  the 

•p —  ■  *  -  '  ucy  of  such  compounds  to  undergo  transformations 

i*  wt  i  by  the  spontaneous  metamorphosis  of  a  solution 

of  eywiug^ii  :n  water.     Such  a  solution  contains  the  four  principal 

dMUnta  of  organic  bodies ;  and  its  transformations  may  be  said 

m^t  he  the  only  case  of  putrefaction  which  has  been  as  yet  carefully 

^^Rndicd. 

^^1  The   soli.'  r   a  time  becomes  brown   and   turbid,  and 

^fkpoaito  R  '  r,  oontaiuing  ammonia,  united  to  a  compound 

foratc  uts  of  cyanofjen   along  with  those  of  water. 

Tlltt  u  ilublv,  umlcrgiics  no  furtlior  ohangc.     Such 

•  compound  might  arise  from  the  reaction  between  2  oq.  cyanogen, 
■ad  4  <Ni.  water;  thus  2  C,  N  +  4  110  =  NH»  +  (C.H>'0.); 
KOoardini;  to  ftmc,  the  brown  matter  contains  no  ammonia,  and  ia 
CK,  Hb  =  2C,S  +  110. 
AaotluT  change  is  that  in  which  water  is  decomposed,  eaob 
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of  ita  elements  nnitiag^  with  oyanoi^.m,  and  prodacing  cyauiu 
und  hydrocvanic  aoida;  thus;  2  110  +  2  CiN  =  (C,S,'0  + 
nO)+H,  C.N. 

Another  melamorphosis  gives  rise  to  oxalic  ooid  and  ammonia. 
In  tliis  case,  I  cq.  cyanogen  acts  on  3  eq.  of  water;  thus  :  C|K-f 
3  HU=N  H,+  C,Oj. 

But  cyanic  acid  cannot  exist  in  contact  with  water  and  other 
acids  :  it  is  instantly  metamorphosed  into  bicarbonate  of  ammo- 
nia ;  thus :  C. NO  +  3  HO  =  NHj  +  2  CO, . 

Towards  the  end  of  the  process,  when  ammonia  ha»  beeome 
predominant,  the  cyanic  acid  produced  undergoes  a  difttrent 
uietamorphosis.  It  now  unites  with  water  and  ammonia,  and 
may  possibly  for  a  time  exist  as  hydrated  oyonate  of  ammonim ; 
but  at  all  events  that  salt,  if  formed  at  oil,  is  soon  tranafonned 
into  urea.     NH,  + C.NO  +  nO=  C,H«N,0,  =  urea. 

Again,  the  hydrocyanic  acid  gives  rise  to  another  brown  aolid 
body,  containing  cyanogen  or  paracyanogen  ([xmsibly  mellone 
also),  and  hydrogen  ;  and,  along  with  this,  oxalic  acid,  urea,  and 
carbonio  acid,  by  metamorphoses  already  described. 

Lastly,  the  hydrocyanic  acid  in  contact  with  water,  and  aa  acid 
or  an  alkali  (here  oxalic  acid  or  ammonia),  undergoes  another 
metamorphosis,  and  is  transformed  into  formic  acid  and  «Tniiinnt»; 
thus:  H,C,N  +  4H0  =  NH,+CH0,,H0. 

Thus  cyanogen,  a  binary  compound,  along  with  water,  another 
binary  compound,  gives  rise  to  no  less  than  eight  dill'eront  com- 
pounds ;  Ist,  the  black  compound,  containing  the  elementa  of 
cyanogen  and  those  of  water,  possibly  C*  H  Ni  0 ;  2ud,  am- 
monia, N  H,:  3rd,  cyanic  acid,  H  0,  C,  N  0:  4th,  hydi-ocyanio 
acid,  H,  C,  N:  5th,  oxalic  acid,  C»0»:  6th,  carbonic  acid:  7th, 
a  brown  solid,  containing  cyanogen  (paracyanogen)  and  hydro- 
gen :  8th,  formic  acid,  C,  H  Oa,  H  0  ;  and  in  addition  to  theoc, 
three  bodies,  formed  by  the  combination  of  two  of  the  abuva 
right,  and  containing  all  the  four  elements  ;  namely,  9th,  oxalate 
of  ammonia:  10th,  bicarbonate  of  ammonia :  11th,  urea. 

This  striking  example  is  well  adapted  to  give  a  clear  idea  of 
the  immense  variety  attainable,  when,  instead  of  two  binarjr 
oompounds,  two  ternary  or  two  quaternary  compounds,  alou^ 
with  water,  ore  oonoemed ;  and  of  the  slight  moditications  of 
external  circumstanotx  which  are  required  to  produce  results  to 
▼aricd,  all  the  above  subitanoes  being  produced  in  a  liquid  at  the 
usual  temperature. 

Perhaps  the  best  definition  of  putrefaction  and  of  fetmcittation 
•  that  reoeutly  given  by  Liebig,  in  hia  "Letters  on  Chemistry."* 
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i  futtrttcikU-hodj  is  one  generally,  p<*rhaps  always,  nitrogcnued, 
1l,  in  contact  with  air  and  moisture,  and  at  a  oertoin  tempe- 
uaderjcoes  a  spontoneoas  decomposition.  When  in  this 
I  putrescent,  and  is  a/ermcnt.  K  ffrmenttieihU  body  is 
ch,  by  itwlf,  or  simply  dissolved  in  water,  do«  not 
tItidcrKO  *°y  decomposition  ;  but,  whvn  in  oontoft  with  a  j>utre»- 
enU  body,  is  rrsnlvrd  into  new  produot?,  or  eutvrs  into/trmm/a- 
l»M».      As  I'jn  is  produced  by   the   communication  of 

I  froE.  IS,  not  the  mokcuUt,  of  the  putrcbcont  b<^iy, 

ktoos  of  tbo  termentescihle  one,  the  process  re<|uires  time : 
I  sane  is  true  of  putrefaction  itself.     And  as  the  ferment 
'  act  as  long  as  its  atoms  ore  in  motion,  so  its  power  of 
fermentation  must  cease  as  soon  as  its  own  dccomposi- 
ts    complete,  and  not  before.      Hence  a  giren  wcij^ht  of 
at  can  only  cause  the  fermentation  of  a  limited  qoantity  of 
agar,  or  of  any  other  fermeutesoible  compound. 
Dre«mpo»ilMm  of  Orgnntt  Comjmuinh  hy  Ihv  Galvanic  Currrnt. 
-Whtn  organic  oompotuids  arc  siibjtot«d    to  tlie  action  of   a 
galvanic    currtiit,    they   are    frequently   decompooc-d. 
iited  prodoots  are  formed  at  the  poxitire  pole,  and  at  the 
atire  pole  hydrogen  generally  appears,  being  possibly  derived 
the   decomposition  of  water,    the    oxygen  of  wliich   has 
I  a  part  of  the  substance, 
acetate  of  pot.ash,  dissolved  in  water,  is  acted  on  by  a 
r  of  four  Bunsen's  cells,  hydrogen  is  given  off  at  the  negative 
B,  and  at  the  positive  pole  appears  a  mixture  of  carbonic  acid 
sod  nMthyle  gases,  while  the  potash  is  converted  into  carbonate. 
Thiw,  i  (KG.  C»  IL  0,)  +  2  H  0  =  H.  +  2  CO,  +2  C.  Ha  +2 
O,  CO.). 
In  like  manner,  from  the  potash  salt  of  any  other  acid  of  the 
to  which  acetic   acid  belongs,  we  can  obtain  the  radical  of 
taethylic  scries,  having  2  eqs.  less  of  carbon  than  the  acid. 
A*  aoetat*  of  potash  yields  methylc,  Ci  lU,  so  propyUte  of  potash 
dds  pthyle,  C*  II*;  but}-RLte  of  potash  yields  propylc,  C«  lit , 
1  so  on. 

This  example  will  show,  that  by  means  of  the  galvanic  cnrrent 
may  {»n>cure  compounds  which  might  otherwise  be  nnattoin- 
de,  and  that  mncb  light  may  be  also  thrown  on  the  constitution 
'  orfkttio  mbstanoes. 

It  b  hoped  that  the  above  sketch  of  the  doctrine  of  the 
"^WB'ws'  changes  and  metamor{>hoBes  uf  organic  compounds  will 
nfie*  to  enable  the  student  to  follow  the  individual  processes  and 
nactioea,  to  be  hereafter  mentioned,  which,  owing  to  oar  limited 
«•  must  treat  with  great  brevity. 
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The  varioiu  prooesses  briefly  desoribed  in  the  preoediag 
sections,  and  others,  have  of  late  greatly  eitended  oar  power  •( 
artificially  producing  organic  compounds.  But  as  might  b« 
expected,  we  find  it  easier  to  desbx>y,  by  various  means,  th» 
complex  molcoulea  of  organic  nature,  than  to  build  up,  aa  nature 
does,  such  complex  molecules  from  more  simple  ones. 

The  most  powerful  agent  we  have  is  oxidation,  and  by  iU 

means  we  can  produce,  from    complex  organic  bodies,  a  '     ^ 

number  of  less  complex  products  found  in  nature.     We 

also,  the   various   processes    of   fermentation,  putrefaction,  and 

decay,  by  which    we   can   produce   similar  results.      Thus   by 

oxidising  uric  acid,  we  can  form    urea,  allantoine,  oxalic  add, 

ammonia,  carbonic  acid,  and  water,  all  of  which  ore  formed  btua 

it  in  the  body.      By  oxidising  the  albuminous  or  sanguigenooi 

bodies,  we  can  form  such  products  as   formic,  acetic,   propylic, 

butyric,  valerianic,  and  benJEoic  acids,  besides  various  crystollina 

products,  such  as  glycoooll,  leucine,  and  tyrosine, — the  two  former 

found  in  the  body,  the  latter  not  yet  found  in  nature, — as  well  as 

;  cil  of  bitter  almonds,  hydrocyanic  acid,  ammonia,  and  of  cootae 

ICOi  and  110.     By  oxidising  oils,  we  can  produce  many  of  tbs 

volatile  oily  acids.     By  oxidising  sugar  or  starch,  we  con  pi 

oxalio  and  formic  acids.     By  the  fermentation  of  sugar  we 

.produce — first,  alcohol  and  carbonic  acid ;    second,   lactic 

ktliird,   gum  and  mannite  ;   fourth,   butyric  acid  ;    fifth,  amyllo 

I'Bloohol,   and  capric  acid.     By  the  fermentation  of  amygdaline, 

fwe  can  produce  oil  of  bitter  almonds,  hydrocyanic  acid,  sugar 

and   formic  acid.      The   oil   of  bitter   almonds,    by    oxidation, 

becomes  bciaoio  acid.     Ilippurio  acid,  boilud  wth  hydrochloric 

acid,   yields   glycocoU   and   benzoio   acid.     Ily   the  oxidation  of 

■olicinc,  we  form  salicylic  acid  and  also  the  oil  of  spinua.     Wood, 

Lwhen  distilled,  yields,  among  other  products,  pyroiylic  spirit,  or 

rbydrated  oxide  of  methyle  ;  and  we  find  in  the  oil  of  GauUhtria 

procumlcna,  salicylic  uoid  combined  with  oxide  of  methyle^     By 

the  fcrmentataion  of  salicinc,  we  form  grape  sugar  and  saligenine. 

By  that  of  asparagine,  we  obtain  succinic  acid,  which  is  also  formed 

in  the  fermentation  of  malate  of  lime.     In  all  these  cases,  and 

many  more,  complex  molecules  are  resolved  into  less  complex,  a* 

wo  approach  nearer  to  CO.,  HO  and  NH». 

But,  although  tlie  task  is  more  diOioult,  we  have  also  made 

some  progress  in  the  opposite  process,  that  of  building  up  more 

com|ilex   out  of  less  complex  molecules.     It  is  true,    we   have 

L  •uooeeded,  as  yet,  in  very  few  instances  in  thus  producing  natq^ 
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A.rtifieifll  urea,  however,  is  a  proof  that  it  is  not 
.pcian\>le.  A  solution  of  cjonato  of  ammoniA  passes  rapidlr 
bto  tirea.  -wlien  wanned.  We  have  already  seen  the  results  of 
me  c|ionlaiieous  action  of  cranogen  and  water,  si.iveral  of  which 
tn  more  complex  than  these  oomponnds.  The  volatile  base* 
ilt««iy  alluded  to  ai«  in  manj  oases  formed  hj  adding  complex 
■cteoul««  to  simpler  ones,  as  will  be  described  hereafter. 

Oae  ■very  striking  example  of  llie  jiower  we  have  of  building 
a^  more  oomplex  out  of  less  complex  molecules  is  afforded  by 
tlio  oil  of  bitter  almonds.  Wlica  this  oil  is  acted  on  by 
uhdoiu*,  there  is  formed  from  3  eqs.  of  the  oil  and  2  of  N  Es ,  6 
of  H  O  1>eiug  separated,  the  body  Cn  Nt  His.  Here  is  a 
moleeole.  This  body,  hydrobenzamide,  is  neutral ;  but 
'1>oil«d  with  potash,  it  is  ohang«d  to  an  isomeric  base, 
.e,  Co  Ni  Hi9,  which  much  resembles  natural  bases.  By 
same  process,  from  oil  of  bran  or  furfurole  is  proiluoed  by 
first,  furfuramide,  a  neutral  body ;  and  when  this  is 
lilod  with  potash,  2  eqs.  coalesce  to  form  one  of  a  new  base, 
urine,  which  not  only  resembles  the  natural  hoses,  but  is 
[j  used  as  an  antiperiodio  remedy.  It  is  to  be  noted  lliat 
all  the  processes  by  which  we  produce  more  complex 
complex  molecules  are  processes  of  reduction,  that  is, 
deoriilation.  The  action  of  lunmunia  tends  to  remove  oxy^ea  in 
form  of  water ;  and  a  whole  class  of  bases  are  obtained  by  the 
ion  of  a  very  powerful  rvduoLng  agent,  hydrosulphuret  of 
onia,  on  substitution  products  in  which  H  has  been  replaced 
N0«.  It  can  hardly  be  doubted  that,  in  process  of  time,  we 
discover  the  means  of  producing  the  natural  bases,  sncb  as 
Id  and  quinine.  We  already  know  how  we  could  with 
uce  ooniine  and  nicotine  if  we  had  only  the  corre- 
■bohydrogens,  bearing  the  same  relation  to  these  bases 
'  luret  of  phenylo  does  to  aniline.  And  these  oils 
t  wUl  very  probably  soon  be  discovered.  In  the 
11) ,  It  wii  can  discover,  as  we  probably  sh.oll,  the  true  coa- 
stttQtion  of  morphine  and  quinine,  and  the  sub^itancc  from  which 
its  form  them, — wbicli  will  one  duy  bo  done  by  stud^nug 
of  these  plontR  in  all  stages  of  growth, — we  shall  then 
le  difficulty  in  forming  such  bases.  We  have  the  principle 
prooeM,  the  luateriaJ.s  only  are  wanting. 


OSOAKIC  ACIP8. 

The   ncids    met  with   in    organic    obcmistry    are  principally 
eoBipoand]  hydrogen,  and  oxygen,  although  some  do 

•U.  ^  ::■     They  ore  distinguished  from  iuorgaoio 
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I  acids  by  iKeir  high  atomic  'weight,  and  by  the  action  of  ha^ 
'  vbioh  decomposes  them  all.  As,  in  many  of  tliom,  Uie  ox; 
they  contain  is  a  multiple  by  a  whole  number  of  the  osyi 
the  buses  which  nentralise  them,  so  they  are  viewed  aa 
acids  by  those  who  consider  true  eulphuric  acid  to  be  an  oxTgeg 
ncid,  SOj,  and  oU  of  vitriol  to  be  its  hydrate,  HO,  80».  In 
the  case  of  acetic  acid,  for  example,  the  formula  of  wliioh  if 
(C«  Il» )  0» ,  no,  the  compound  (C»  lis )  Oa ,  though  not  pouetMng 
acid  properties,  is  called  dry  acetic  acid,  and  the  strong  acctao  and 
is  considered  as  its  hydrate  ;  and  the  analogy  is  suppotod  to  be 
fortified  by  the  fact  that  dry  acetic  acid,  like  dry  sulphuric  acid, 
oontoins  3  eqs,  oxygen,  and  neutralises  1  eq.  of  base,  M  0, 
I  containing  1  cq.  of  oxygen. 

But  a  cari'ful  study  of  the  organic  acids  leads  ns  to  apply  to 
them  the  siirae  theory  which  we  have  already  adopted  for  Uie 
inorganic  acids,  and  to  consider  them  as  compounds  of  hyd 
with  compound  radicals,  usually  consisting  of  carbon,  hyi" 
.and  oxygen.  On  this  view,  as  oil  of  vitriol  is  II,  SOU, 
I  Ctrongest  acetic  acid  is  II,  (C<  Hs)  0«.  It  is  truo  that  tliis 
radi(^,  (C*  Ha)  0«,  does  not  exist,  or  is  not  known  in  the 
■eparate  form  ;  but  the  same  remark  applies  to  many  other  oom- 
pounds,  both  in  inorganic  and  in  organic  chemistry,  which,  n«nrer- 
theless,  arc  believed  to  exist.  The  sup|>osfd  radicals  8  0*  and 
K  Oo ,  are  still  unknown  in  the  separate  forms. 

The  existence  of  compound  radicals  in  organic  acids  is  not  tnore 
difiicult  to  imagine  than  that  of  S  0» ,  the  compound  radical  of 
■olphurio  acid,  for  (C*  Ha)  0»,  only  dilTers  from  it  in  containing 
throe  elements  instead  of  two  ;  indeed,  as  some  ternary  organic 
radicals  are  kno^vn  in  tlie  separate  form,  we  actually  derive  an 
argument  from  organic  acids  in  favour  of  the  existence  of  oom> 
pound  radicals  in  inorganic  acids.  Thus,  the  radical  or  organic 
metal,  kakodyle,  forms  kakodylio  ncid. 

But  wo  find,  among  organic  acids,  a  mnch  larger  proportion 
which  arc  bibasic,  tribosic,  in  short  [lolybasic,  than  occurs  amon^ 
inorganic  acids.  Referring  to  what  was  said  of  the  monobasic, 
bibasic,  and  tribasio  phosphoric  acids,  it  will  be  easily  nndctstood 
that  while  acetic  acid,  for  example,  is  monobasic,  tartaric  acid, 
malic  acid,  komenio  acid,  alloxanic  acid,  and  others,  are  bibasic  ; 
that  vitric  acid  and  meconic  acid  are  tribasic,  and  that  saookario 
oeid  is  quin<iuebasic.  And  as  the  three  moditicationt  of  phoa- 
phoric  Qcid  were  described  on  the  old  ^^«w  as  monohydrat«d, 
bihydratod,  and  tcrhydrated,  and  on  the  new  view,  as  containing, 
respectively,  1,  2,  and  3  cqs.  of  hydrogen,  replaceable  by  metals, 
•0  tartaric  acid  may  be  cither  C'n  lU  Om,  2  II  O  or  ('•  n«  0«t,  n»; 
malic  acid  may  bo  C*  U*  Os ,  2  U  0  or  C*  U«  Oie,  Hi ;  and  w  oa; 
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)  citric  acid  may  be  either  C»i  H»  Oit,  3  H  O  or  Cu  H»  Ot«, 

I>,«nd  mccnnic  acid,  C>«  II  On,  3  H  0,  or  C»«   H  Oi4,  H»: 

ad  lairly,    saccharic  acid    maj   be   Ci>    II*  On,    0  H  O ;    or 

;.»  H.  Os'.,  II». 

In  anoh  polvbasio  acids,  there  i<  always  some  hjdrogcn  in  the 

^^  which  it  is  a  constituent,  and  some,  combined  with  the 

,fefid  n-plac«ab1«  by  its  equivalent  uf  metaU.     It  is  only 

Ffhl*  latt^T  hydrogen,  the  amount  of  which  affects  the  neutralisiog 

ower  of  the  acid. 

Kow,  among  the  phenomena  of  the  action  of  hoses  on  organic 

,  we  have  some  facts  which  seem  ulmoat  to  demoDstmte  tbo 

lee  of  this  replaceable  hydrogen,   as    snch,  and   thus   to 

hlisli  the  new  theory  of  acids.     Thus,  meconic  acid,  which  is 

I  tribosic,  forms,  like  tribasic  phosphoric  acid,  three  series  of  salts, 

[in  which  1,  2,  or  3  eqs.  of  hydrogen  are  replaced  by  metal.     Bat 

^  while  the  mi'tonic  acid,  as  well  as  the  tribnsic  phoitphoric  acid, 

3y   fnnuH  with  oxide  of  silver,   the   salt  in  winch  all   the 

pd  i«  replaced  by  lilvcr  ;  it  cannot  form,  or  forms  wilh 

A  similar  salt  with  potu-sh,  with  which  it  forms  rery 

I  '1    with  1    and    2  eqs.   of    metal,  and    2   or  1   eqs.  of 

[■Ik^drogcju     Uere  we  have  the  apparent  contradiction  of  a  weak 

llw«?.  Olid*-  of  «ti]v»r,  neatraliKiug  the  acid  easily  iind  completely ; 

.  potash,   leaves  it  imiKrfectly    neutralised. 

.,  be  accounted  for  on  the  old  view,  and  many 

tjunular  cttiies   might   be   mentioned.      On    the    new    view,  such 

fBTT^rttit  riTirimalies  dis-ipiwar  ;  for  since  the  neutralisation  depends 

I'jnt  of  hydrogon  by  a  metnl,  it  is  evident  that  an 

.  ;=   ea»ily  reduced,  or   deprived  of   its    oxygen   by 

bydrogco,  like  oxide  of  silver,  will  most  easily  neutmli^e  acids, 

rhil«  *  difficultly  reducible  oxide,  such  as  potash,  cannot  be  so 

'  ndooed  aa  to  yield  3  eqi.  of  metal,  so  as  to  form  the  neutral 

r«a]t. 

Amkydroiu  Organic  Atid*. — For  a  long  time  the  most  im- 
portant and  best  known  organic  acids  were  known  only  as  hydrates, 
•nd  it  was  (up{>osed  that  the  anhrdrons  acids  could  not  exist  in 
the  wpcrute  state.  But  about  tlie  same  time  that  anhydrous 
nitric  acid  was  fir»t  obtained,  Oerhardt,  by  a  very  ingenious 
method,  obtained  several  anhydrous  organic  acids. 

The  method  consists  in  acting  ou  the  hydrated  acids  or  their 
its  witli  the  jierehloridc  of  phosphorus,  the  terchloride  of  phos- 
boniB,  the  oxyohlorido  of   phosphorus,  or  the  oxycldorides  of 
'-,  such  as  acelyle  or  benzoylc. 
'   case  is  snch  as  this:  1  eq.  of  acetate  of  potash, 
Lactcd  ou  t.y  1  tq.  of  oxychloride  of  ncetyle,  yields  1  eq.  of  e.hlo- 
I  of  polauium,  and  2  eqs.  of  anhydrous  acctio  acid. 
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When  the  chlorides  of  phosphorus  act  on  the  acetate  of  pntisb, 
there  are  two  stages  in  the  action.  In  the  tirst,  phos|)haie  of 
potash  and  oxychloride  of  aoetylo ;  in  the  second,  thv  latter  bod; 
acts  as  above  on  a  new  portion  of  the  aootate. 

The  anhydrous  organic  acida  are  not,  strictly  speaking,  affid, 
bodies,  but  only  become  acids  when   the  elements  of  water  «rB 
added.     They  arc  either  liquid  or  oryatalUsed,  volatile,  and  on 
contact  with  water  or  b.-u-tes,  pass  into  tho  usual  form.      They 
caUcJ,  to  distinguish  them  from  tho  true  acids,  anln/iiridft. 
ore  acquainted  with  those  of  many  organic  acids,  both  mono! 
and  bibosie. 

We  have  already  stated    that  many  organic  compounds  »l* 

derived  from  tho  type  water  ji  rv  f  •    Now,  the  true  organic  ocidt 

are  formed  from  this  type  by  the  substitution  of  organic  odd 
radicals  for  the  hydrogen,  when  only  1  eq.  of  hydrogen  ii 
thus  replaced.  But  the  anhydrides  arc  derived  from  the  aami 
type  by  the  replacement  of  aU  the  hydrogen  by  tlie  acid  radirml  [ 
or,  what  amounts  to  the  same  thing,  they  ore  derived  from 
the  hydrated  acids  when  2  cqs.  lose  all  the  basic  water  theyi 
contain. 

Some  chemists  consider  that  the  true  radical  of  acetic  add,  tbi 
true  acetyle,  is  not  Ct  Us ,  but  C«  Hs  Oi .     If  wat<>r  l>e 

uentedby  |j  |  0.;    hydrated  acetic  acid  will  be  ^*  g'  ^  |  0.^ 

and  its  anhydride  will  be  ^^  ^'  J]^  I  0.,  whiohis  =  2  (CILOi 

The  same  view  may  be  extended  to  all  the  organic  acids,  and  ia  a 
very  priibable  one. 

AnotluT  ri-murkttblc  fact,  showing  the  propriety  of  adopting  aa 
the  type  of  organic  acids  and  many  othtsr  bodies  the  tyiH>  of  watCTi^ 

written  thus,  jj  ^^^  |  or  y  {  Oi ,  ia  this,  that  we  can  obtain  doubto^ 

anhydrides,     Thus,  when  chloride  of  bcu2oyle  acta  on.  acotat*  of 
[lotash,  we  obtain  the  anhydride 


C.   H,0,  \^ 


which  ia  a  compound  of  anhydrous  acetic  acid  with  anhydi 
benzoic  acid.  Such  eomi)ouuds  form,  with  wut*;r,  o  mixturo 
tho  two  hydratvd  acidH, 

There  ore  otlur  kinds  of  orgaaio  aoidt  which  ore  what  nwjr 
be  eoUcd  coupled  acids;    that  is  to  say,  Ihcy  ouutoiu  an  add 
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Bsother  body,  which  docs  not  neutralue  the  noid, 
anii^s  it   in  oU   its  o<iiiibinutii>ns.      Thus,  in   hypo* 
ihtiioiic  acid,  Cm  Ht  Si  0.i  ,  H  O,  we  have  hyposulphurio 
Oi ,  coujiled  with  the  body,    Cto  U? ,  and  tho  coupled 
•cid  Dcatraliaes  exactly  oa  much  base  as  the  hrposnlphnric  ncid 
•loae  would  do.      Again,  formobcnzoilic  ooid  Ci«  ilr  Oj,   HO, 
may  be  >-iewed  a*  a  coupled  acid,  oonsistio^  of  fonnio  acid 
n  Oi,  H  '>  and  oil  of  bitter  nlmondo   (hyduret  of  betwoyle) 
t  fia  Ot,  which  neutralises  just  as  mucli  base  an  the  t'unuic  aoid 
Those  coupled  acids  which  contain  hyjxisulpliuric  acid, 
often  the  case,  are  fonned  by  the  action  of  oil  of  vitriol,  or 
of  snhydrous  Bulphorio  acid,  on  organic  bodies,  when  2  «ija.  of 
losiiit;  1  eq.  oiygen,  form  hypoBul[>hurie  acid  ;  which  corn- 
unites  with  the  organic  matter  minu4  1  eq.  hydn>^en,  that 
n  having  combiaied  with  the  oxygen  derived  from  the 
ipliufic  add. 


may  1 


la  Uw  following  pagea  we  shall  adopt  the  arrangement  of 
iig,  wttich  has  the  advantage  of  uniting  those  substaoow 
lich  are  naturally  allied  in  composition.  It  proceeds,  in  th« 
''fint  place,  on  the  principle  of  describing,  under  each  known  or 
a^nltttd  organic  radical,  all  the  compounds  derived  from,  or 
dcwly  oonnoct>;d  with  it.  After  having  gone  through  these,  it 
t«kM  «p  th«  eonsideralion  of  the  best  known  organic  acida, 
;  the  uily  ncids  ;  then  the  neutral  oils,  fat,  and  essential ; 
tie  non-nitrogenous  colouring  matters,  bitter  and 
tire  principles,  nitrogcniscd  colouring  matters  and  their 
cBcm ;  Uio  organic  bases;  starch;  gum;  woody  fibre; 
dastr'  n  of  wood,  of  lignite,  of  coal:  nitpigenisod 

■ad    -  .'table   priticiples,  albumen,  &o,,  the  modi- 

wf  liitBC  lu  (hen:  -lom:  bile:  nervous  matter: 

jntcr  :    salivH;    ix  urine:  blood:  lymph,  &o. 

is  wound  up  with  considerations  on  the  nutrition 
■_.■  uinU. 

is  not  a  soiontifio  ono,  and  in  the  present 

.   j„-c  such  an  armngoment  is,  I  fear,  imattain- 

Bat   it   is  very  convenient,   anrl    by  judicious   groupin^f, 

iouch   fnoilitotes  the   learning   and  tho   retaining   in   the 

of  the  immense  mass  of  fact*  which  at  present  constitute 

ch<»rai»<try. 

We  proc<H>d,   therefore,  to    consider    those    organic  radicola 

arc  admitted  by  the  best  nuthorities,  although  they  are 

always  known  in  the  separate   slate.     The   first   compound 

B  2 
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radicals  that  attract  our  attention  are  certain  binary  ones,  llfMdf  I 
mentioned  as  binary  oompounda,  but  not  iu  their  chametV  H  ' 
radicals  (luor^onio  Cbemistrj) ;  these  are  amide  or  amidogcn, 
cyanogen,  and  oarbonio  oxide. 

I.  Amide.     NH<  =  Ad=18. 

Stn.  Amidogen. — It  haa  already  been  mentioned  that  eertaijl 
compounds  exist,  in  which  we  can  hardly  doubt  that  Out 
substance  is  present.  Thus,  potassium  or  sodium,  heated  in 
dry  amraoniacal  gas,  disengages  1  eq.  of  hydrogen,  forming  the 
compound  K  N  Hi  or  Na  N  H>.  ^^^len  these  are  put  into 
water,  potash  or  soda  is  formed,  while  ammonia  is  set  free: 
K,  N  H.  +  H  O  =  K  0  +  N  Hs .  Again,  when  oxalate  of 
ammonia,  Nifs,  H  0,  Ci  Os  is  heated,  there  are  formed,  wal»r 
which  distils  over,  and  the  compound  NUi  C>  Oi  which  remain* 
behind:  thus,  NHs,  HO,  CiOs=  2H0  +  NUiCiOa.  The  ktter 
compound  is  called  oxamidc,  and  is  a  sparingly  soluble  white 
powder,  neutral  or  indifl'crent  in  itself,  but  yielding,  when 
digested  with  an  alkali,  ammonia,  which  escapes,  oad  oxalic  acid, 
which  combines  with  tho  alkali.  t>r  if  oxamide  bo  heated  with 
diluted  sulphuric  acid,  it  yields  ammonia  which  combines  with 
tho  acid,  and  oxalic  acid  which  crystallises  in  cooling.  In  both 
cases  water  is  decomposed  :  thus  jf  H«  C»  0»  +  2  H  O  ^  N  H» , 

no  +  c.Os, 

Now  OK  amide  is  interesting,  as  being  the  type  of  a  daai  of 
coui|iounda,  all  of  which,  when  heated  with  an  iilkali  or  an  acid, 
yield  ammoiiiii  and  on  acid,  the  ammonia  and  the  anhydrous  and 
together  oontaiuing  juat  1  or  2  eqs,  of  water  more  than  the 
oom]Kiuud  which,  with  the  aid  of  water,  has  yielded  them.  If  wa 
consider  oxamide  as  N  Hi  +  Cs  Ui ;  that  is,  as  composed  of 
amide  (or  ammonia  miniu  hydrogen,  N  Ht),  and  the  radical 
carbonic  oxide  (or  oxalic  acid  nn'nut  oxygen,  Ci  0<),  llien  all  iti 
congeners  are  likewise  compounds  of  amide,  on  the  one  band, 
and  an  anhydrous  organic  acid,  rninut  oxygen,  on  the  other.  Oa 
tliis  view  bvnzamide  is  benzoate  of  ammonia,  mintu  water, 
(N  H>  +  Ci.  UjO.,  H  0)-2  H  0  =  N  Hi  +  Ci.  H.  0.;  or  it 
is  amide  plut  bennoylo  (the  radical  of  benzoic  acid,  Cw  Ii>  Op  ), 
Therefore,  when  beuzamide  is  8ct«:d  on  by  potash,  ammonia  ia 
givon  ofl',  and  bcnzoat<>  of  (>otAsh  is  left ;  and  when  it  it  heated 
witli  an  acid,  a  salt  of  that  acid  with  ammonia  is  obtained,  whila 
benzoic  acid  crystallises.  There  ore  a  good  many  similar  com- 
pounds which  are  called  amides,  and  are  viewed  as  compouudt 
of  amide. 

It  is  ubviouB  that  the  distinctive  characters  of  amide,  whioh' 
ia  not  known  in  the  toparat«  form,  ore  its  powerful  affinity  for 
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strong  teDdoQcy  to  combine  with 
f  great  affinity  for  oxygen,  suoh  oa  tJiose 
tinmij  mentiomed,  potaBaium,  sodium,  the  radical  C>  0« ,  and  the 
ladiaal  beozoyle.  It  is,  probably,  on  aocount  of  its  having  so 
glut  an  atliuitT  for  elements  of  the  most  opposite  kind,  that  we 
ot  obtain  it  in  the  separate  form. 
Tith  bydrogm  amide  forms  two  compounds,  ammonia,  Ad  H, 
an;--  ■  ■■— :  Ad  Hi.  The  former  may  be  called,  in  this 
The  latter,  as  has  been  already  explained 
lie  (.  uc  mistry),  is  considered  to  be  a  compound  metal. 
rery  temarksble,  that,  when  ammonia  or  hydrumide 
with  an  acid,  the  resulting  oompuund  is  not  a  salt, 
tb*  acid  contain  hydrogen.  Thus,  hydramide,  with  dry 
'•■Iplmrie  amd,  S  Os ,  forms  a  compound  which  is  not  a  sulphate  of 
■mmoiria,  and  is  not  a  salt  at  all.  But  if,  instead  of  S  Oa ,  we 
tmfioyaii  of  ntriol,  HO,  S  Oa ,  or  H,  S  Ot ,  sulphate  of  ammonia, 
a  troo  aall,  is  obtained. 

Uov  «e  nay  oonoludc  that  Ad  H,  in  contact  with  IT,  6  0< , 
lake*  tlw  bydrog«n,  forming  ammonium,  and  that  the  resulting 
aak  it  oomposed  of  Ad  Ui  -f-  S  0> ;  that  is,  a  metal  combined 
tba  Rilphuric  acid  radical,  just  as  sulphate  of  potash  is 
S  4>« .  In  all  the  true  salts  of  ammonia,  tlierefor«.  Ad  Hi  = 
a)  occupies  the  place  of  a  metal,  and  may  be 
metal  i  and  even  if  we  consider  sulphate  of 
0,  8  l)> ,  we  have  only  to  view  sulphate  of 
as  a  H*  0,  S  0»=  Ad  H.O,  8  Os=  Am  0,  8  Os,  that 
J  Wltf^'^V*  of  oxide  of  ammonium. 

lit  Baat  bo  bomo  in  mind,  however,  that  although  all  the 
relations  uf  these  oonii^'unds  contirm  the  ammonium 
jr,  yet  neither  oinmoniura  uor  its  oxide  are  capublo  of  exist- 
BBOombiined  ;  for  ammonium,  when  separated,  is  resolved 
iuo  aamonia  and  hydrogen  :  and  oxide  of  ammonium,  when 
mifanttd,  ■-  'e  forms  uf  ammonia  und  wiitvr. 

This  obv  ■■  "lids  on  the  more  fevble  attraction  of  nitrogen 

fcr  IJm  ioutUi  t'l-  ul'  liydrugcn  in  nntmouiiim  than  for  the  other 
(km,  an<l  the  very  strong  attraction  uf  hydrogen  for  oxygen. 
J(  U>  ■•{■arat**,  when  libcrati<d,  into  N  Ih,  a  very  |>ermuncnt 
aMBpOw:)).  and  H  ;  while  N  lit  0  or  Am  0.  which,  if  it  could  be 
aktaiii  -.   or  hydraU'd,  as  Am  0,  H  O,  would 

oataii.  !'  'Uuh  K  O,  or  caustic  potash,  K  O,  U  O, 

fa  molvaa    into  N  11»  +'  H  O  or  N  H.  +  2  U  0.      I'erhaps  the 
»xid«  ol  ammonium  might  exist  ot  a  very  low  tempera- 
undiT  a  very  gicat  pressure-,  combined  with  intense  oold, 
i  MK-  that  wbvn  the  four  e<i«.  ><f  hydrogen  in  oiuraouinm 
nyboed  by  melbylo  or  titbyk,  irliioh  have  leu  atttacUou  tot 
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osjgeo  than  hydtti^a  has,  we  obtain  pennonent  compound^ 
which  are  hrdratcd  bases,  astonishingly  analogous,  both  in  oan- 
ttitutiou  and  properties,  to  caustic  potaah. 

Of  the  chief  comjiounds  of  amide,  ammonia  or  hydninido  hai 
been  previously  described.     It  remains  for  us  to  il:  "ion 

to   this    substance    as   coD&tantly  present  in  the  >   in 

minute  quantity,  from  whence  it  descends  in  the  in  ii,  liui^' ui 
absolutely  indispensable  agent  in  regftation.  We  have  :ilii.3<ly 
seen  that  the  patrefaction  and  eremaoaosis  of  nitrogenised  oum- 
pounda  yields  carbonate  of  ammonia  as  a  product.  Its  pre»enoe 
in  the  air  is  therefofe  certain,  il  priori,  oven  althouj^h  wo  eoniiol 
detect  it  until  it  is  condensed  and  accomulsted  in  rain.  It  i*, 
hoH'over,  alisi>rbed  from  the  air  by  almost  all  miuerals  and  soils, 
eapedally  aluminous  and  ferruginous  soils,  which  retain  it  so  u 
to  prevent  its  being  washed  away  by  rain ;  hence  a  trace  of 
ammonia  is  often  found  where  it  is  not  exjiected,  and  wh«i«  it 
has  been  erroneously  believed  to  have  been  formed  by  Iho  dlnet 
union  of  hydrogen  and  nitrogen.  This  is  the  true  explanatioo  o( 
the  very  remarkable  and  accurate  exi>erimcuts  of  Faraday,  wliUk 
have  been  contirmed  by  Will  and  Vorrentrupp. 

As  an  ingredient  of  manures,  ammonia  is  most  valuable.  Ill 
action  on  growing  vegetables  will  bo  hereafter  explained. 

Ammuuia  forms  a  lirge  number  of  oompouuds  with  the  oxidei 
of  metals,  the  chlorides  of  metals,  of  sulphur,  and  of  phosptumu, 
and  linally  with  salts  in  general.  These  belong  r*tbcr  to 
inorguttio  ohemistry.  and  the  limited  size  of  this  work  forbids  ns 
to  (leKcribe  them  in  detuil. 

But  it  is  pMper  hero  briefly  to  notice  the  compounds  formed 
tiy  uutdo  with  metals,  inasmuch  as  amide  is  here  viewed  as  an 
oripxnic  nidical,  and  some  of  these  oompoonds  are  Tery  important 
in  rcfcrcnoo  to  organic  ohemiatry. 

Aiuidc  then  forius  compounds  with  potassium,  sodium,  meronzy, 
oop|>er,  sliver,  and  pliitinum.  The  two  former  are  of  a  gtMnith 
I  olive  colour,  and  tiuir  action  on  water  has  been  described  abore. 
The  amide  or  amidide  of  mercury,  Hg  Ad,  is  not  known  in 
a  separate  state,  but  forms  with  bichloride  of  mercury  the  adt 
callrni  whif^i  precipitate,  Hg  Ad  +  IfgCI.. 

Thi*  salt  is  prepared  by  adding  ammonia  to  a  solution  of 
bieliloiiilii  of  nifrcury.  When  boiled  with  potash,  it  yields 
^auotJicr  »nlt,  Mg  .Vd  -j-  Hg  (']»  +  Hg  Oj.  The  amidide  of  mewniT 
eomliines  with   the  b.iHio  sul[ihat«,  and  the  basic  nitrates  of 

liauno  metal,  funning,  with  the  basic  protonilrat<:,  the  soluble 
merour}'  of  Hahnemann. 

Thu  ainiilido  of  copper.  Ad  Cu,  is  only  known  in  combination 
with  tho  hy]KMiulpUat*  and  with  the  nitnte  of  ammoniA. 
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Ike  Bmiilide  of  silver,  Ag  Ad,  is  known  in  oombinntion  with 
the  njtnt'    «•■' ■'•^»"    ■■■' 'niate  and  chromatc  of  ummoniii. 

Bat  il  of  platinum  wliich   olTvrs  the  ;:rcat«3t 

interrst,  u-  n  irivi?  nx  to  several  very  singular  com|)ounds, 
exiiibiting  the  cliamotcn  of  very  powerful  bases.  Thrno  re- 
markntiU  is    have    been     studied     by    Oros,     Ilcisct, 

PcjTvne,  aad    others,   but    are   yet    far   from  being 

oniierstoud.     »  u  shall  cndeavoar  briefly  to  state  what  lit  known 

When  1 '  '       ' '     of  platinum,  Pt  Ch ,  is  hratod  fur  sonic  lime, 

to  nearly  ■  .'  point  of  tin,  it  loses  half  its  chliiriii>?,  nud 

i*  ty-  '  loride,  Pt  CI,  which  fnrms  a  powder  of 

«  dir  lour,  insoluble  in  water.     By  eonlinacd 

aa,  with  the  aid   of  hvat,  the  prolooblorido 

'  a  green  crj-stalline  comjiound,  which  Unolty 

forming  a    yellowish    solution,    wliich    on 

'.    _  _        -   ycUowish-whife    prismalio  orystals.      The 

green    arrttalluio    oom[>ound,   discovered  by    Sl.-ignus,    contains 

th«  ell  mt'iils  of  prot'M'hloridc   of    platinum   nud   those  of  am- 

ntonia,  Pt  n  N  Ut ;  the  ycUowish-whito  crystals,  discovered  by 

Kciiet,  cnntoin  twice  as  much  ammonia  and  the  elements  of  water, 

fPlCl,  2NH.  +  a(i.  • 

TV,-—  ♦••  ■  •  ••■■•■ntinds  are  Tcry  remarkoblc  ;  neither  of  them 

cout::  ,5  such;    Ixjtii  are  insoluble  in  bydrochlorio 

and  uiiiiii'  •>iii"i<uit'  acids.     Itut  the  green  com;iound  of  Mn^us 

diHoIvcs  is  nitric  acid,  witii  evolution  of  nitrous  ncid,  and  the 

•olatiun  on  cooling    deposits  white  crystalline  i-cules,  white  the 

''liiiuid  euntams  no  ammonia.     These  white  scales,  discovered  by 

'i^an.  'f  of  a  new  base,  Pt  CI  N   II«0  ;  which  may 

Hk  d'  Of],  of  the  insoluble  compound  of  Magnus, 

Pl»  Cii  2s V!  Ur ,  lij  the  loss  of  1    eq.  of  protochloridc  of  platinnm 

and  the  ofldition  of  1  eq.  of  oxygen,     lliis    base   acts    exactly 

like    the    tnuic   oxide   of  a  metal,  or  like  oxide  of  ammonium, 

K  n«  '>,  poTTiliiiiiufc  with  acids  and  forming  neutral  salts.     It  not 

■    with  nitric  and  sulphuric  acids  and  the  like,  but 

rir    ncid    it   jnelds   a   heavy  crystalline  powder, 

'■,  bearing  the  same  relation  to  the  bHMe  as 

Mm,  N   n«  CI  (sal  ammoniac),  doi.'s  to  oxido 

of  nr  ibis  ohloridc,  Uierefori',  is  Pt  CI  N»  IIo  CI,  and 

th*    1  i    the  oxide   or  base,  and  of  the  ehloridc,  will  bo 

Pt  CI   N«  H«,   <-orrc(ii><inding  to  ammonium,   X   H».     Althou;^'h 

('•T.i  nil  not  iralnto  either  tiie  radioal  or  its  oxide,  yet  from  the 

and  composition  of  its  salts,  there  can  ba  no  doubt  of 

.- ;- lice.     If  wo  represent  this  radical  Pt  CI  Ni  H<i  by  E, 

then  wc  hav* 
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B  0  =  oxide,  the  hue  of  the  salts,  analogoiu  to  R  0  or  N  H< ,  0 
R0-t-S09=B'i-S0.  =  sulphate,  ualogoua  to  K,  SO. 
K0  +  N0t  =  R  +  N0i>=  niti-ate,  aniUogouii  to  K,  N  0. 
BCl  =  chloriile,  onologoos  to  K  CI  or  N  H,,  CL 

The  soluble  orj-stalline  corapoand  of  Reiset,  Ft  CI  NtH«  +  »!• 
when  heated  to  212°,  becomes  anhydrous,  and  is  then  Pt  CI  Ki 
H« ,  that  is,  it  has  the  same  composition  as  the  radical  of  the  base 
and  suits  of  Gros.  But  it  is  not  this  radical ;  on  tlte  coatnuy,  it 
is  the  chloride  of  a  different  radical,  Pt  NiHt,  and  its  true 
formulaisPtN«II«-(-Cl. 

This  new  radical  is  also  perfectly  analogous  to  ammoniiun,  u 
may  be  exhibited  in  a  tabular  form  as  follows. 


Aiumoninm  N  H.  =  Am 
Badicul  of  1  „,  ^  ,,  _  „, 
Eeisot       ]'PtN,H<,=  R 

Compound.    8"lP«»««- 

Nttnt«. 

Doublo  Ctiti«1da 
with  rutiiiam. 

Am  CI 
B'Cl 

Am  SO* 
B'SO. 

Am  NO* 
E'NO. 

AmCl'«-PlCtf 
E'Cl  +  PlO, 

In  the  case  of  ammonium,  we  cannot  isolate  the  oxide  Am  0 
^  N  H*  0,-  OS  it  iu&tantly  resolves  itself  into  ammonia  and  water, 
N  Ha  -)-  H  0.  But  the  oxide  of  Uciset's  platinum  radical,  11'  0, 
=  Pt  Xj  Ho  0,  or  rather  its  hydrate  Pt  N«  H«  0  +  aq.  is  cosily 
obtained  from  the  sulphate  by  adding  just  so  much  baryta  as  wUl 
remove  the  sulphuric  acid,  and  evaporatiug  the  filtered  solution  in 
vacuo,  when  the  hydratcd  oxide  crystallises  in  colourless  needle*. 
This  compound  is  strikingly  analogous  to  hydrate  of  |>otash  :  it  is 
a  powerful  caustic,  attracts  carbouio  acid  from  the  air  as  strongly 
as  potash,  and  exhibits  all  tlie  ohemiool  oharaot^'rs  of  ono  of  the 
strongest  alkalies.  Few  compounds  are  so  remarkable  as  this 
base.     We  shall  call  it  the  base  a. 

This  singular  compound  may  be  viewed  as  containing  the 
elements  of  protoxide  of  platinum,  ammonia  and  water,  Pt  0, 
2  N  Hi,  II  0.  When  heated  to  21-2",  it  loses  its  water  and  half 
its  ammonia,  leaving  a  compound  Pt  N  Ha  0  or  Pt  O,  N  H*, 
which  appears  to  be  another  new  base,  b,  combining  with  acids 
and  forming  salts  which  detonate  when  heated.  This  last  oom- 
|iound,  when  heated  in  tlie  air,  bums  like  tiudur,  and  leaves 
mutullio  platinum.     It  is  the  oxide  of  a  third  radical,   b,  ^ 

PtiN  n.. 

With  hydrochlurio  acid  the  base  a  of  Reiaet  yields  water  and 
the  oriKinol  ohluriue  comiKiund,  thus:  Pt  Nt  H.,  0  +  H  CI  = 
Pt  Nt  iU ,  CI  -f  U  (>.  When  this  okloridu  i*  heated  to  from  '2M' 
to  2(K)*,  it  loam  ammonia,  and  there  is  left  a  yellow  powder, 
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,  by  Peyrone,  which  dissolTes  easily  in  hot  water,  and  haa 
upoaitioa  of  the  green  iiuoluble  I'Tystalline  compound  of 
Uagnos,  Pt  CI  K  H* ,  of  which  it  is  an  isomeric  modilication. 
Indwd,  the  compound  of  Mo^us,  (although  insoluble  in  hot 
«mter,)  if  boiled  with  a  saturuU-d  solution  of  sulphate  or  nitrate 
of  Bmmunia.  dissolves,  and  is  deposited  on  couling  in  yellow 
oryatala.  llie  yellow  ammoniuted  protochlorido  of  platinum  of 
Peywoe  rmidily  dissolves  in  ammonia,  and  the  solution  yields 
Jin*  colourless  prisms  of  the  ori;;inal  chlorine  comiK>und  of  Iteisot, 
apparently  not  containing  1  eij.  of  water  of  crystallisation, 
is  said  to  be  present  in  the  yellowish-white  crystals 
-ct  from  the  green  compound  of  Magnus. 
low  compound  of  Peyrone  is  acted  on  by  nitrate  of 
r,  it  yields  chloride  of  silver,  and  two  new  compounds 
;  nitric  acid  and  platinum,  one  of  which  forms  yellow 

^ihate  of  Bciset's  base,  Pt  N>H<  +  S  0«,  be  acted  on 

iodide  of  barium,   Ba  I,  there  is  formed  sulphate  of  baryta, 

"   "i,  end  a  protoiodido  of  Reisefs  radical,  a,  Pt  Ni  Ho,  I. 

iidc  is  soluble  and  orystallisable,  and  when  boiled  with 

ammonia,  while  a  new  iodine  compound  is  precipi- 

N  Uj  ,   I,   curresiionding  to  the  chlorine  oom{)ound   of 

Ut  tliat  of  Magnus,  botli  of  which  are  Pt  N  I{>  CI. 

'  iodine  com|H)und  seems  to  be  the  iodide  of  the  third 

IJ  Tt  N  II« ;  for  wiien  acted  on  by  nitrate  or  sulphate  of 

',  yiRlds  iodide  of  silver,  and  a  nitrate  or  sulphate  of  this 

";  or  of  its  oxide,  Pt  N  H»,  I  +  Ag,  SO*  =  Pt  N  Hi, 

jl ;   and  Pt  N  U.,  I  +  Ag,  N  0«  =  Pt  K  Hj,  N  i)»  + 

Smo  new  wiltji  may  of  course  be  represented  as  Pt  N  H», 

•f  8  0» ,  »nd  I't  N  H» ,  0  +  N  0« .     With  ammonia,  tJiesc  salts 

.  nitrate   and   sulphate   of   Itoiset's  base  a  ;    and  with 

acid  they  yield  the  yellow  compound  of  Peyrone. 

TUa  woiiid  indicate  that  the  latter  compound  is  Pt  N  ITi ,  CI,  the 
ehloridr  of  tli"  m'lienl  I'l  N  III,  while  the  green  salt  of  Magnus 
■lay  be  l)i'  I'd  protoohlurido  of  platinum  Pt  01  -{-  K  Ha, 

or  prultabl;  lij-f-aq, 

Hmv  wo  have,  at  all  events,  three  very  remarkable  compounds, 
vbiek  contuiii  |ilaliuum  and  the  elements  of  ammonia.  There  is, 
flrat,  •  '  4  Ittit  discrilN.-d,  I't  N  il> ;    secondly,  the  nidioid 

.  a,  PtNiU«;    and  thirdly,  Iho  radical  of  Oros's 
>.  11.. 
kjkavo  given  the  history  of  those  compounds  somewhat 
au»o   their  cxibtcncc  throws  much   light    on    tho 
kB(UD«rau»  and  important  class  of  bodies,  namely,  tho 
iw  alkoluidt, 
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It  will  he  observed,  then,  that  the  throo  new  r;  '  ira 

descril>ed  all  cout^iu  nitrogen :  indeed,  all  contain  tin  -of 

ammonia,  and  arc  in  their  chemioul  relations  ontirelr  anulngoui 
to  ammouiuui.     Thus  wi'  have 


Judical. 

Oxide. 

Chloride. 

Sulphota. 

AmrooaiiifD 

NB. 

WH.+O 

NH4  +  CI 

KH. -f  80. 

Radical  of    ] 

R«i««t's 

PtNH. 

PtNH»+0 

ptN  H.+  a 

PtNH.  +  eOi 

bMei 

Eodiroluf    1 

Hei»tf8 

PtN.n. 

PtN.H. +0 

PtNiH.+  CI    rtNtn*+BO> 

base  a 

Bailicid  of 
Oroa'a  bnae 

ptaN.H. 

1 

ptchViH. -i-0  ptciii:n>  ^a  rtcix.Bt -t-ao. 

Tlint  the  obovc  formula;  represent  in  some  rosjiiets  trulT  tin 
relation  of  these  new  bases  to  one  another,  is  rl■n<k■^:^d  probtblo 
by  the  fact  thut  while  tho  radical  and  base  6  of  Uiisct  differ  from 
his  radieal  and  base  a  by  containing  1  pq.  of  ammnnia  L-ss,  uti 
these  lust  from  those  of  Oros  by  containing  1  eq.  of  ohlurioe  \am, 
we  can  actually  transform  the  salts  of  KeiM'tV  bast>  b  into  tliose  of 
his  base  a,  by  the  addition  of  ammonia ;  and  the  nitrate  of  Keia^t't 
base  «,  by  the  addition  of  chlorine,  yields  a  suit  having  the 
proiKTlit's  of  the  nitrate  of  Gros's  biuc. 

Now  Wo  have  seen  that  ammonium  may  be  viewed  as  a  eom- 
pound  of  ftinidc,  as  N  Hi  -f-  Hi  =  Ad  lit .  Hoy  we  not  tliei»- 
forc  su|i|>osc  the  new  rudicala  to  be  also  compounds  of  amido? 
May  not  Rciscl's  radical   b  ho  ammunium,  in  which  1  eq,   of 

Lyilrogen  has  been  replaced  by  1  eq.  of  platinum,  Ad  j  p,p 

Agoin,  just  as  wp  have  seen  in  acids,  viewed  m  hydrogen  com- 
pounds, analogous  elements  added  to  tlie  radical  without  aff«eting 
the  neutralising  power  of  tho  acid,  which  remuins  the  same  as 
long  a*  the  replaceable  hydrogen  continues  unchanged,  wo  oaa 
suppose  amide  to  be  a  bonio  radical,  forming  with  hydrogm  the 
base  ammonia,  but  capable  of  taking  up  into  the  radical  analo- 
i)us  elements  without  aifccting  the  basic  character  of  tlie 
Dimunia,  because  wu  have  now  the  hydrogen  compound  of  an 
nalngiiiis,  but  more  complex,  basic  radical.  On  tliis  \\fur, 
inset's  radical  b  may  bo  tho  hydrogen  compound  of  a  basia 
idicol,  lucre  complex  than  amide  ;  in  fact,  amidide  of  platinum, 
turmula  would  then  be  Ad  Pt  +  U,  and  although  on  thi« 
view  it  sliould  correspond  to  ammonia,  rntlicr  than  ammonium, 
WC  cannot  speak  poaitivcly,  as  this  is  thn  least  known  of   Uio 
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ber  two  radicals  may  be  roaflily  viow'  "geQ] 

is  of  cuinplfx  amiditir^,  as  amiuuniuiii   :  r'jgca 

0aB{loaild  of  aniididv  of  hydruKcn, 

AmMc,  N  Hi  =  Ad,  with  liyilrogrn,  forms  ammonia  Ad,  H 
•ad  MBmonium  Ad  II  +  H.  In  like  mnuricr,  in  the  nidiro]  a 
of  Bcbet's  Bolts,  we  haw  o  complex  amide,  coinj>08<.d  of  atiuda 
aad  aaiidido  of  [ilatinum,  Ad  +  ft  Ad  =^  I't  Ad,,  whiob,  with 
1  cq.  hydrogen,  mny  \>e  i(ii|>7M>«ed  to  form  a  comptmnd  analogous 
to  ainittODia,  Ft  Adt,  II,  and  with  two  eq.  of  hTdrottco,  actually 
dote  tana  the  radical  a  of  Ileiset,  Pt  Ad<  H  4-  H,  «xactl^ 
Biiiila^tu  to  ommoaium.  So  the  radical  of  Grox  may  bo  derived 
from  the  oamplrx  amido  Pt  CI  Ad  +  Ad  =  Pt  CI  Ad« ,  which 
toAX  form  Pt  CI  Adi  +  U  and  Ft  CI  Adi  U  +  U,  the  latter 
Mag  lb*  aottul  ooini>oaitiou  of  the  radical  of  Oto«,  oorrcaponding 
tnmmmimaaL, 

II  mar  alio  be  mentioned,  that  just  as  wo  may  view  nmrnoninoal 
salts  u  oontainiiuF  ammonia  and  water  rather  than  ammonium 
■nd  '•    base  h   of   Keiwt  may  I)e  >(   H«   +   Pt  O, 

anal  -^  U  0  in  the  salts  of  ammoniu.     If  aulphato 

ot  n  N  1I«,   II   0  +  8  Os,  the  sulphate  of   Kfiset'g 

U».  licn  be  N  li,,    Pt  0   +   8  0»,  the   protoxide   of 

|ilat)nuM  here  plnying  the  part  of  water,  or   in    otlior   wur<l», 
jilatimitn  playing  the  port  of  hydrogen,  a  substitution  far  from 
litiuuitaral  or  improbable.     Again,  if  we  consider  the  ammouiaco- 

anlpkate  of  copper  to  bo  '^f  ^    S    -f  S  U< ,  then   the  aalphate 

of  BMMt's  base  a  will  be  ^pj  ^j    I   +  S  Os ,  whore  platinum  re- 

plaMa  coj^ier,  aleo  a  not   improbable   substitution,     lieiset  is 
i'diipoa«l  tu  adopt  tliis  view. 

The   oblorid.'   of  Gron's  radical,   PtCl  Xa  lln  +  CI,  may  bo 
[Ti«wed  a*  a  compound  of  biehloride  of  platinum   with  ammonia, 
I'l  C'l.  -f-  2  N  H»,  ond  there  ia  tvcn  reason  to  tiiink  that  com- 
r  thol  radical  may  be  obtained  from  the  solution  of 

.> .■    '•'  "1  '•"Mim  in  ammonia. 

in  H  n  Cierhnrdt  has  announced  tlio  diseovery  of  a 

[iborth  pliti.....^^..  •■Li!-e,  and  he  regards  all  four  as  representatives 

of  ammonia,   in  which   part  of    the   hydrogen  is  replaced  by 

j  platinum,  which  agrees  generally  with  the  views  above  indicated. 

flJut  he  supjxjses  that  in  two  of  these  four  baiws,  the  platinum 

■u!  modification,  in  which  the  u-tuid  equivalent 

-  '2  eq«.  of  hydrogen,  and  in  which,  therefore, 

roliut    f.l    platinum    is    halved.      He    represents    the 

rionn  of  platinum  as  usual  by  Pt,  and  the  new  form  by 
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pt,  tlie  latter  always  occurring  in  2  eqs,,  as  ptt  =  Pt.     lie  tha  ' 
gives  UiB  fullowing  table  : — 

N,  H:  H  =  Ammonia. 

N,  H,  Pt  =  FUtosunine  (Reimt'i  hue  b. ) 

Ms  H>  Pt  ^  DipUtosamiiie  (Keiset'i  base  a. ) 

N  H  pt3  :=  Platioamine  (new  baae  of  Qerbardt.) 

MsHipt^^DipUtinamioe  (existing  io  ths  base  of  Qroa.) 

On  this  view  diplatogamino  and  diplatinamine  represent  a 
double  atom  of  ammonia  Na  lit.  Tlie  chloride  of  Gros's  boM 
is,  according  to  Gerhardt,  the  bi-hydrochlorate  of  diplatinamine. 
Cut  as  acid  hydrochloratea  arc  most  unusual,  this  must  be 
regarded  as  very  doubtfuL  The  new  base  platinomine  forms 
brilliant  yellow  crystals,  ncoily  insoluble.  The  salts  are 
crystollisable,  and  many  of  them  contain  2  eqs.  of  acid,  for  one 
of  base. 

Buckton  has  lately  studied  the  action  of  cyanogen  on  dipla- 
tosamine,  which  is  remarkable.  A  white  crystalline  compound  is 
formed,  identical  with  one  described  by  Reiset  a*  the  cyanide  of 
platosommouium,  but  which  is  really,  in  both  cases,  a  platino- 
cyanide  of  diplatoMammonium,  polymeric  with  the  other.  Ita 
formation  is  as  follows,  from  the  oxide  of  diplatosammonium. 

2(PtN!H.O)  +  4  H  Cy  =  (PtN.H»,  Pt  Cyi)  +  2  NH.Cy  +  2  UO. 

Buckton  has  also  obtained  the  true  cyanide  of  platosammonium 
by  the  action  of  cyanide  of  silver  on  chloride  of  platosammonium 
(hydrochlorate  of  platosamine),  which  yields  chloride  of  silver, 
and  yellow  crystiila  of  the  new  cyanide.  Pt  N  H» ,  CI  +  Ag  Cy 
=  Pt  N  Hs,  Cy  +  Ag  CI.  And  this  compound  is  polymeric  with 
the  preceding:,  for  (Pt  X.  lU,  Pt  Cy.)  =  2  (Pt  N  Hs .  Cy).  It 
is  evident  that  much  remains  to  be  done,  before  the  history  of 
tlicse  most  remarkable  platinised  bases  can  be  regarded  u 
complete.     The  numcs  proposed  by  Gerhardt  may  bo  adopted. 

From  the  above  remarks  it  will  appear  that  every  probable  view 
which  can  be  tuken  of  these  very  interesting  bases  connects  thda 
with  amide,  ammonia  or  ammonium,  and  it  is  fur  this  reason  that 
they  have  been  treated  of  in  this  section.  Many  pages  might  be 
filled  witli  details  concerning  them  :  but  we  havo  here  only  iudi- 
catx^d  those  points  which  will  help  to  elucidate  the  constitution  of 
the  vegetable  alkalies. 

That  important  class  of  compounds  not  only  oontaini  nitrog«n, 
•a  an  essential  element,  but  exhibit*  the  same  analogy  with 
•intnonia  which  we  have  seen  to  exist  in  the  compound  platiuuni 
bueii.     Moreover,  like  these  bases,  the  alkaloid*  do  not  appear 
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eontain  anrmonia  at  tuch  ;  aod  the  probabilitv  is  vory  prcat 

their  conslil\ition  is  aualo^ns  to  thai  of  the   bases  now 

We   shall  find,   in  treating  of  the   alkaloids,  lu  we 

already  indicated  in  the  introductory  ocotiiiiis,  tliat  many 

lof  them   are,  in  all  probability,  derived  from  ammonia  by  siibsti- 

rtution  of  compound  radicals,  or  groups,  for  a  part  on  the  whole  of 

the  hydrt'gen  in  ammonia.     We  may  therefore  regard  ammonia 

BB  the  type  or  represcntativo  of  a  very  large  class  of  organic 

htnrn.  both  artificial  and  oatiinil. 

Wh«Ti  a  salt   of  ammonia   loses  1  eq.    of  water  more   than 

reduecs  it  to  the  state  of  an  amide,  there  is  formed  a  compound 

containing  N  H,  that  is,  Imide,  and  such  compounds  are  colled 

imidr* ;  such  as  camphorimide  ami  nnphtalimide,  from  the  cam- 

phorat«  and  the  naphthalate  of  ammonia.     As  an  amide  con»i»t8 

of  ammonia  mi'ntu  1   eq.  of  hydrogen  and  the  anhrdroun  a«id 

minui  1  cq.  of  oxygen,  so  an  imide  consists  of  both,  the  ammonia 

niintu  2  cqs.   of  hydrogen,   the   acid   minut  2  eijs.   of   oxygen. 

I  Imidta  are  not  frequent,  but  Uke  amides  when  boiled  with  aciila 

lor  bases,  water  is  token  up,  and   the   ammonia  and  acid  are 

rreptwiucwl. 

^'hcn  on  ammoniacal  salt  loses  so  mneh  water  that  all  the 
three  eqs.  of  hydrogen  in  the  ammonia,  with  3  eqs.  of  oxygen 
from  the  anliydrous  acid  are  given  oil',  the  compound  left  is 
coUtd  a  nilryU,  as  containing  only  nitrogen  from  the  ammonia. 
Thus  benroale  of  ammonia,  N  Ui  0,  Ci»  U»  0> ,  when  it  lonus 
2  wjs.  of  UTiter,  thot  is  2  of  hydrogen  from  the  aramoiiiunL, 
Jf  Il«,  and  two  of  oxygen,  1  from  the  oxide  of  ammonium,  and 
Uie  other  &«n  the  acid,  yields  Eenzamide,  Ci*  ,  N  Hj  Ot ,  or 
NBi,CitB>Oi.  Were  it  to  lose  1  more  o^.  of  water,  it 
would  yield  the  true  benaimide,  N  H,  Ci«  n»  0  =  Cu  N  If*  0, 
which  is  nut  yet  known.  But  when  it  loses  etill  1  eq.  more  of 
water,  it  actually  yields  bcnzonitryle,  C'n  IIj  N,  in  farming 
which  all  the  hydrogen  of  the  ammonium  has  been  removed,  aa 
well  aa  all  the  oxTgen  of  the  anliydrous  acid,  and  of  the  oxido 
jum,  Nitrylcs  arc  now  pntty  numerous,  and  aa  all 
known  arc  formed  from  acids  containing  only  -3  cqs.  of 
"^whcu  anhydrous,  they  contain  themselves  no  oxygen, 
t  ahmyi  as  much  hydrogen  as  the  anhydrous  a<nil  did.  Both 
iraide*  and  nitryles  will  have  to  be  referred  lo  hereafter,  and 
tniuat<!  details  are  hero  unneoessary.  It  must  bo  notetl,  however, 
that  all  or  most  of  tin.'  known  nitryles  npin/ar  to  Iw  cyanoften  nr 
cyanide*.  Tims  oxalonitrjle,  that  is,  oxalate  of  ammonia,  rMmi<« 
I  A  tqa.  of  wuti^r,  is  cyanogen  itself,  for  N'  H*  O,  Ci  Oi — 4  H  O  = 
C»  K.  Fdrmonitryle  is  hydrocyanic  acid  ;  N  II,  0,  C«  H  Oj  — 
4  E  0  =  U,  Cs  M  ;  aootDoitryle  ia  oyanido  of  mcthyle  ;  M  H«  O, 
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Ci  H»  Oj — 4  n  0  =  Ci  Ila ,  Ci  N  ;  and  lienionitryle  is  oyimide  M 
phenylo;  N  n.  0,  C  H«  0,— 4  H  O  =  C„  H.,  C,  N. 

II.  CiRBONio  OziPi  (u  •  Budicsl).    CcOi=  28. 

Syn. :  OxaU/U.  —  There  ia  good  reaion  to  believe  that  the 
radical  of  oxiiiic  acid  is  formed  of  2  eqs.  of  carbonic  oxide.  It 
hus  long  been  kno>m  that  carbonio  oxide,  in  the  ^nu's  light, 
combines  with  chlorine  to  form  [ihodgene  gaa  or  ohloruoarboaio 
aoid,  C  0,  CI  or  C»Oj,  CU.  This  compound  may  be  viewt<d  as  the 
chloride  of  the  radical  Ci  Os ,  or  as  carbonio  aoid  in  which  1  eq. 

of  oxygen  is  replaced  by  chlorine,  C  j  ,,,  oorrcaponding  to  C  |    q 

or  C  Oi;  But  the  oxistenoe  of  this  radical  is  more  sccnrely 
inferred  from  the  combinations  it  forms  with  oxygen,  potaaaiua, 
and  amide. 


CAnBOjrrC  OXTSK  A  WD  OXTOIW. 


I.  Oxtuo  AotD.    (Ci  0> )  0  -I-  H 0,  or  OiCU,  H  =  45. 


This  acid  occurs  in  nature,  generally  in  the  form  of  nn 
oxalate  of  pot^ish  in  certain  vegetable  juices,  such  as  that  of 
oxalis  aoetosella,  also  as  oxalate  of  lime  in  many  licheii«.  It  is 
formed  artificially  by  the  action  of  nitric  acid  on  sugur,  Btardi, 
tod  many  otiier  organic  comimunds ;  also  by  the  action  of  hyper- 
inanganat«  of  pi^tash  on  sugar,  &c. 

To  prei)are  it,  one  part  of  pure  starch  is  gently  heat«d  with 
eight  ports  of  nitric  aoid,  Sp.  G.  1'20  or  1-25.  A  very  energetic 
nmotion  c-usues,  and  much  nitrous  acid  is  disengaged  :  when  this 
slackens,  heat  is  applied,  and  continued  tiU  no  more  red  va|iours 
appear,  when  the  liquid,  if  sulHciently  evaporated,  de]insita,  on 
cooling,  a  Inrge  quantity  of  crystals  of  bydrated  oxalic  acid. 
Thc8«  are  dried  on  a  porous  tile,  to  remove  the  mother  liquor 
which  contains  much  free  nitric  acid,  saccharic  aoid,  and  other 
products.  The  dried  crystals  being  dissolved  in  a  littlii  hot 
wntor,  the  solution  on  cooling,  deposits  pure  oxalic  ucid  in  fonr- 
sided  prisms,  which  are  colourless,  very  acid,  very  soluble  in  hot 
water,  moderutdy  so  in  cold  water.  These  crystals  contain  3  cq. 
of  water  of  eryolallisation,  Ci  Oj,  H  0  +  3  aij.  Wiien  Bhar{ily 
heated,  a  i>art  suMimen  iis  dry  acid,  ('t  tin,  U  O,  dxalic  acid  it 
destroyed  by  beat  w  itliuut  blarkenisg,  which  serves  to  diittiuguiib 
it  from  moot  otltor  organic  acids. 

It  is  very  poisonous,  and  is  the  cause  of  many  fata]  aooidenta 
from  its  similarity  to  Epsom  salts,  from  which,  however,  it  >• 
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MuQy  dutingnubed  by  its  very  sour  tasfe.    The  best  antidote  is 

prepurod  chalk  adniinisttrod  ia  wator,  which  forms  tlio  insolul)lo 
and  inert  oxaiaU:  of  lime.  It  is  easily  dcteoted  by  forrainjr  with 
lime-wat4.-r,  or  a  soluble  salt  of  lime,  if  no  free  acid  be  im-sent, 
the  very  insoluble  oxalate  of  lime,  which  when  dried  and  heated 
to  low  redness,  is  converted,  ivithout  blackening,  into  carbonate 
of  lime. 

When  oxalic  acid,  or  any  of  its  salts,  is  hcatc-d  with  oil  of  vitriol 
in  excess,  a  brisk  eilervcsocnce  takes  place,  and  the  gas  given  off 
is  a  mixture  of  equal  volumes  of  carbonic  acid  and  carbonic  oxide. 
This  character  furnishes  another  good  means  of  rccognisiug  oxalic 
acid.  The  reaction  is  very  simple,  forCjOj,  IIO+HO,  SOjzs 
(SOt  +  2  n  0)+C  0+C  Oi .  The  sulphuric  acid  seizes  the  whole 
of  tlie  -water,  and  the  anhydrous  oxalic  acid,  Ci  O3 ,  cannot  eidst 
in  the  separate  state. 

When  the  oxalates  of  certain  protoxides,  as  those  of  cobalt  and 
nickel,  are  heated  in  close  vessels,  the  metal  is  left:  carbonic 
acid  being  given  off;  Co  0,  C>  Os  =:  C  0  +  2  C  Oa .  Other  oxalates, 
as  that  of  manganese,  give  off  oarbonio  acid  and  carbonic  oxide, 
leaving  the  protoxide  of  the  metal  MnO,  C<  03  =  Mu0+C0 
+CO1. 

Oxalic  acid  forms  salts  witli  bases,  many  of  which  are  insoluble. 
The  insolubility  of  the  oxalate  of  lime  renders  oxalic  aeid  useful 
as  a  test  fur  lime,  and  as  a  means  of  separating  it,  and  deter- 
mining its  quantity,  in  analysis.  As  a  test,  it  is  commouly  used 
in  the  form  of  oxalate  of  animunia.  It  can  only  detect  lime  in 
neutral  or  alkaline  fluids,  the  oxalate  of  lime  being  soluble  in 
free  acids. 

Recent  researches  tend  to  show  tliat  oxalic  acid  is  bibasic,  and 
that  its  true  fonuula  is  double  that  above  given,  or  Ci  0» ,  2  II O. 
This  accounts  for  the  existence  of  acid  oxalates  and  of  double 
oxalates. 

Viewed  in  this  light,  oxalic  acid  is  the  type  of  a  very  remark- 
able series  of  bibasic  organic  acids,  to  be  afterwiirds  lUsicribed. 
Thu  series  has  a  curious  relation  to  the  formic  or  aectie  series  of 
volatile  acids,  from  which  it  differs  in  this,  that  all  tli<'  members 
of  it  are  crystalline,  soluble  in  water,  atul  deeonipused  by  heat. 
If  to  formic  aeid,  Ci  Jl%  Ot,  wo  add  2  et^s.  of  earboiiic  acid,  wo 
havcC.  H«  <)«  +  2C0.  =  CMl«0»  =  Ci(»«,  2  Il(»,  wlii.hisoxalio 
acid.  And  thu  same  relation  holds  good  with  every  aeid  of  the 
oxalic  scries  and  the  corresponding  aeid  of  the  formie  st-ries,  the 
Litter  having  always  2  eqs.  of  cai'bou  aud  4  eqs.  of  oxygen  less 
than  the  former. 

Both  these  Series  arc  formed  during  thu  action  of  nitric  acid 
00  oil*  and  oily  acids. 
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The  formation  of  osalio  acid  by  the  action  of  oxidising  H$;ew 
on  organic  matters,  is  a  partial  oxidation  of  their  carbon  ;  whc-a 
that  oxidation  is  complete,  carbonic  aoid  ia  the  result.  The 
action  of  nitric  acid  on  starch  or  sugar  is  complicated,  and  not 
so  well  understood  as  to  admit  of  being  expressed  in  the  form 
of  an  equation ;  but  the  oxidation  of  sugar  by  perman{puuit«  of 
jKitash  is  very  simple,  and  is  thus  represented  :  Ci«  Hio  Oio  -j-  6 
(K  O,  Mm  O7 )  =  6  (K  0,  C.  Oj.  )  +  10  H  0  +  12  Mu  Oi ;  that  ii, 
I  eq.  of  anhydrous  suffar,  with  6  eqs.  of  the  permaugauale,  pro- 
duces 6  eqs.  of  oxalate  of  potash,  10  eqs.  of  water,  and  12  eqs.  of 
peroxide  of  manganese. 

The  most  important  oxalates  arc  those  of  potash,  lime,  and  am- 
monia. There  are  three  oxalates  of  potash  ;  the  neutral  oxalate, 
K  0,  CiOs  +  aq. ;  thebinoxalate,  K  0,  C«0»  +H  0.  t-iO»  +  2  a<i.; 
and  the  qundroxukte,  K  0,  C»  Os  +  3  (H  0,  C.  0« )  -)-  4  «q.  Tb« 
double  oxalate  of  potash  and  oxide  of  chromium,  described  hy  me 
aomo  years  since,  forms  erjstals  which  are  black  by  reflected, 
deep  blue  by  transmitted,  light.  The  solution  is  green  and  rid 
at  the  same  time  by  day-light,  crimson-red  hy  candle-light.  Sir 
D.  Bruwster  has  described,  in  the  Edin.  Phil.  Traiit.,  tlie  very 
remarkable  optical  properties  of  this  salt.  The  oxalate  of  lime 
is  Ca  0,  C>  Oj  -f-  2  aq.  The  oxalate  of  silver  Ag  O,  Ci  0» ,  deto- 
nates when  heated,  Nnelding  like  several  other  oxalates  of  the 
Doble  metals,  carbonic  acid,  and  the  metal.  The  oxalate  of 
ammonia,  N  Hi  0,  C>  O3  -)-  a<i.  is  much  used  as  a  t«ct.  It 
crystallises  very  readily.  When  heated,  it  gives  rise  to  a  Tcry 
remarkable  compound,  namely,  ozamide,  which  is  the  type  of  a 
class.     We  shall  here  consider  it. 


Oxamida.     C<HsN0i=0tQ< -t- N  Hi  =  44. 


When  oxalate  of  ammonia  is  heated  in  a  retort,  it  gives  rise  to 
ft  variety  of  products,  and,  among  these,  to  a  white  crystalline 
jiowdcr,  insoluble  in  culd  water,  which  is  oxamide.  It  may  bo 
formed  far  more  abundantly  by  the  action  of  ammonia  in  solution 
on  oxalate  of  oxide  of  ethylc,  or  oxalic  ether.  [See  oxalate  of 
oxide  of  cthyle.) 

The  remarkable  character  of  oxamide  is,  that  while  itielf 
neutral,  and  certainly  containing  neither  oxalic  acid  nor  atnmooia, 
it  is  cosily  oonvi^rled  into  oxalic  acid  and  ammonia  by  boiling  it 
eitlicr  with  strung  ncids  or  strong  alkalies.  In  this  reaction,  th« 
elements  of  1  cq,  of  water  ore  shared  between  the  conatituonta 
of  oxamide,  that  is,  between  the  radical  Ci  Ot  and  the  radical 
amide,  N  Hi;  for  oxamide  is  nothing  more  than  oxalate  of 
ammonia,  N  1J>  O,  CiO>,  minus  2  eqs.  of  water,  or  N  Ht,  OiOs. 
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portion  of  as  acid,  for  example,  is  sufBcient  to  pro> 
eflWit  OD  a  large  quantity  of  oxamide ;  for  if  the  acid 
I  mdd  b«  Deutmlis^d  by  the  aannonia  produced,  a  oorrosponding 
Btitj'  of  ozalio  acid  is  set  free,  and  acts  as  any  other  acid 
do,       A  minute  proportion  of  an   acid,   therefore,  here 
to  exert  iU  influcooe  on  an  unlimited  port.iun  of  oxamide, 
tliia  is  only  in  appearance.     The  fact,  however,   that  the 
of   a  little  oxalic  acid  enables  oxamide  to   decompose 
r  and  to  produce  aoimonia  and  oxalic  acid,  is  very  important, 
iiead*  III  throw  light  on  many  similar  chan^^s  in  the  organic 
il^um,  whpr>-  the  ajjency  is  not  so  apparent. 
[  Jlul  oxAiiiido  is  not  tiie  only  product  of  the  action  of  heat  on 
at*  nf  amTnonia ;  for  besides  carbonic  ncid,  curbonio  oxide, 
I,  water,  ammonia,  and  oxamide,  all  of  which  are 
t\  '.  thcrf  is  produced,  when  the  heat  is  so  regulated 

:n  .'•  remains  in  the  retort,  a  new  acid, 

llsii  1   ounstitutes  that  residue.     It  is  mixed 

with  •  littir  oxamido,  which  is,  however,  left  undissolved  by 
tttt,  in  which  the  oxamic  ucid  dissolves. 

I  Oxamie  acid  fonns  soluble  and  crystallisable  salta  with  lime, 
rvij  iiii.in..nia,  ajid  oxido  of  silver.  Acids  precipitate  it  from 
lution  uf  its  compound  with  ammonia,  as  a 
itoluble  powder,  the  composition  of  which  la 
'  ai|.  Although  an  acid,  this  compound  exhibits 
ations  of  a  compound  of  amide  or  umidogen,  being 
by  the  action  of  alkalies  at  a  higli  temperature  into 
Bcnd  and  ammonia.  It  differs,  however,  from  oxamide 
in  jriclding  2  «q.  oxatio  acid  and  t  e().  ammonia  ;  for  1  eq. 
of  osantio  ooiil,  plm  3  cq.  of  water,  contains  the  clementa  of 
ktoosaJaU  of  ammonia.  C<  0>,  N  11.  +  .')  H  O  =  (H  0,  Ci  Os) 
'  (K  lit  0,  CiOi ).     This  also  explains  its  production  ; 


firSaq 


•     '  Atamonla  2  (N  H.  0,  C  0.  I  ^  C.  Ht  S:  0. 

Iirat, 
.  .  v-|.  ftiiiiDonIa 

3  otj.  wiil4ir 

1  fi,  uibjilnnii  oxsmic  arid 


= 

B> 

,N 

= 

H> 

0> 

^ 

C.H. 

NOi 

Together 


C.U<KiO. 


Oxnmic  sett  -it  Mrtainly  a  very  r<imarlcnble  compound,  I)einK 

at  least  admitting  of   Iwing    so   rcgnrdwl, 

I'  arc  many  otlicr  examples  of  ncid  oiiiididos, 

li«  akall  •000  oome  to  one,   namely  tuchroiiic  acid,   which 

k  Ugbly  tMlogotts  to  oxamic  acid:  being  formed  by  the  action 

•(  ItMit  oo  midlitato  of  ommunia,  along  with  a  neutral  amididc. 
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paramide,  similar  to  oxamide;  and  as  oxamio  acid  yields  acid 
oxalate,  so  eucliroaio  acid  yields  acid  mellitato  of  Bmmoaia  wbcu 
long  boiled  n  ith  wator.  Cyanio  acid  may  also  be  considerud  Ok, 
in  some  sense,  an  ucid  amidide  ;  for  Ci  N  0,  H  0  ^  Ci  Oi ,  N  B  : 
and  CO.,  N  II  +  2  HO  =  N  E>,  2  CO.;  or,  as  is  well  known, 
cyanic  acid,  in  contact  with  water,  produces  bicarbonate  of 
ammonia. 

Oxamic  aoid  may  further  be  viewed  as  a  couplud  oxalic  aoid, 
the  adjunct  in  which  b  oxumide ;  for  C«  Os  N  H.  is  equal  to 
C«  Qa  +  Ci  O. ,  N  Hi .  Berzelius  adopts  this  view,  and  is,  generally 
speaking,  favourable  to  the  idea  of  coupled  acids. 

An  alcoholic  solution  of  oxalic  ether,  when  ammonia  is 
cautiously  added  till  a  precipitate  of  oxauiido  just  begins  Ut 
appear,  yields  a  very  beautifully  crystaUisable  compound,  Vmg 
known  as  oxamethan,  which  is  nothing  else  than  oxomate  of 
oxide  of  ethyle  (see  salts  of  oxide  of  ethyle).  Its  eomfiositioQ 
is  C»  Ht  N'0.=  (C*  U.)  O  +  C*  H.  N  b».  A  similar  com- 
pound exiiits  with  oxide  of  metbyle,  and  was  formerly  oalkd 
oxuinethylan. 

IL  Oaebohio  Acid.    CO,=l22. 

This  acid  has  been  already  described,  and  it  is  introdaoed  hers 
merely  because  it  is  formed  by  the  complete  oxidation  of  corbonia 
oxide;  C.  0«  +  0.=  2C0.. 


I 


CAHBOVIC  OXIDE  AXO  CHIABIHS. 


OUoiwariioiua  Add.    C 


la 


orCOa=4«'5. 


Syn. :  Photgrne  gat.     When  equal   Tolumet  of  chlorine  and 
oorbunio  oxide  are  mixed  and  exposed  to  the  sun's  rays,  tbvyl 
combine  to   form  a  colourless   gas,   of  a  pun^nt   ditiagn'eabltl 
smell  which  acts  strongly  on  the  eyes.     8p.  0.  of  tlie  gas,  3'390>r 
Wlien  dissolved  in  water,  it  decomposes  it,  producing  carbonitf] 
and  hydrochloric  acids.     With  alcohol  and  metliylio  alcohol  it 
product's  very   remarkable   compound  ethers,   to  be  afterword* 
described. 

With  ammonia,  this  aeid  forms  sol  ammoniac,  and  a  whita 
volatile  crystalline   substance,  which   is  carbamide,  C  O,  N  HiJ 
produced   as   follows:— C  0,  CI  -(- a  N  U»=  N  U.,  CI  +  C  o/ 
NHi. 

Under  the  influence  of  the  mineral  acids,  carbamide  yieldi^ 
amuiunia  and  carbonic  oeid,  C  0,  N  Ha  -)-  H  0=0  Oi  -f  N  H*. 


BHODIZONIC   ASH  CBOCONIC   ACIDS. 
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Tb*  eihlorocarbonJo  acid  may  bo  considered  aa  corbonio  aoid 
l-f-  }  (I  io   whiob  balf  the  oxygen  has  been  replaced  by  ita 


ivaleat  of  chlorine,  C  +  |  [?• 


CJLKBOSIC  OXIDK  ITTTH  FOTASSICX. 

Oxysarboret  of  Potaadom  :  Rliodiionio  Add, 

)taiitliim  ia  heated  in  carbonic  oxide  gas,  combination 
e,  and  a  dork  olive  powder  is  formed,  ooui|ioiied  of 
cvbonic  oxide  and  potomiuni,  in  the  proportions  of  Cj  Oi  4-  Ks, 
or  7  C  O  -f  3  l^-  This  substance  is  formed  in  lurgo  quantity  in 
tk*  pnip«i»t>un  of  potassium  from  carbunatc  of  potash  and  cliaiooal, 
■od  U  the  Murcu  of  ^reat  loss  as  well  as  inconvenience.  No  snoh 
compound  i*  funned  with  sodium,  fur  which  reason  that  metal  may 
]»  more  cheAply  prepared  than  potassium. 

The  oxycarburct  uf  {wtossiuin,  if  heated  in  the  air,  takes  fire, 
but  if  cxpua<.d  to  moist  air,  ur  placed  in  water,  it  is  converted  into 
He  potash  salt  of  a  new  acid,  rhodizonio  acid,  hydrogen  being 
Ikagugcd,  Cr  Or  K>  +  3  U  0  =  Cr  0> ,  3  K  0  +  Ha .  As  this 
Ijnlmgeo,  however,  is  not  pure,  but  contains  carbon,  the  reaction 
is  pmbably  more  complicated. 

All  Uio  aalta  of  rhodizonio  acid  are  deep  red,  and  when  in 
mjlttit,  rrflect  a  ^een  light.  The  rhodizonate  of  potash,  when 
bcalad  in  solution  in  water,  undergoes  a  very  remarkable  change, 
yielding  Iree  potash,  oxalate  of  potash  and  crovonate  of  potAsh, 
tks  latter  b«in^  tha  salt  of  another  new  acid  containing  the  same 
lliMlliti  B«  rhodixonic  aoid  in  ditferent  proportions ;  tliis  salt  is 
^^^kfl^  K  0  or  ('>('»,  K.  The  composition  of  rhodLconate  of 
^^^^Kirzfilain:*  this  reaction  perfectly,  for  Ct  Or  4-  3  £  0  =  K  U 
^^^B^  (-'*  0«  +  K  0,  Cs  0«. 


CrMOttioAdd.     OtO«,  H  0  t  or  CiOt,  H. 


Tliia  uM  h  named  from  the  yellow  colour  of  its  salts.  It  is 
nhlBtiiiil  from  the  crocanat«  of  pi^tosh,  prepared  as  above,  by  Uii* 
mAib  of  loxnlicio  a(rid,  which  separates  Uio  potash.  I'lio  aoid  ia 
nllow.  aolablit  in  water  and  alcohol,  and  orystoUisAs  eaaUy.  All 
n  «lta  M«  likewiM  yoUow. 

T!»«  rhodtronic  acid,  «,'?  Oj ,  3  II  (),  nmy  bo  viewed  as  a  tribasio 
kydnfca  seid,  Cr  Diolli:  tliu  eroeuiiio  ai'id  muy  also  be  viewed 
loth  M  »  hydnitcd  oxygen  acid,  C«  <)«  ,  II  O,  and  as  a  hydrogen 
tdit  ^*  ^*)  ^-  '°  ^i'*  ''*''  f"'''"  '^  connects  itself  with  earbouiu 
it  may  be  d  C  0  -^  JJ.    Tbt  wmo  remark  a^v^i^  ^ 

*  2 


liiHE-tt. 
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another  rcmnrkable  acid,  oonUuning  the  same  elements,  nomelj', 
the  meliitio  auid. 

MeUitie  Acid.     Ct  Oi ,  H  0  or  C.  0. ,  H. 

This  acid  occurs,  combined  with  olamina,  in  a  yeiy  t«tc 
mineral,  probably  of  cranio  origin,  Iho  mellite  or  honejrctone. 
The  acid  is  soluble,  vory  sour,  aiid  permanent,  not  being  altered 
by  boiling  nitric  or  sulphuric  acids,  nor  by  a  heat  of  nearly  590*. 
'ITie  general  formula  of  its  salts,  when  dried  at  212°,  tit  M  0, 
C.  0.  H,  or  n  0,  C*0*  M.  The  salt  of  silver,  however,  at  212*, 
loses  1  eq.  of  water,  and  is  left  as  C\  0»,  Ag  O,  or  C«  0»,  Ag. 
Acourdiug  to  the  latter  formula,  the  radical  in  this  salt,  heated  to 
212°,  is  a  form  of  carbonic  oxide,  C»  0»  =  4  C  0. 

The  crystallised  acid  C*  Oa,  H  0,  or  C*  0»,  H,  appears  to  ^saiU 
with  most  bases  without  the  separation  of  wster,  gentrally 
nbacrvcd  when  salts  am  formed.  And  although  the  salvor  salt 
would  seem  to  contain  a  dilferent  radical,  yet  it  yields,  triisB 
decomposed,  tlio  original  mellitic  acid. 

The  mellitato  of  silver  may  also  bo  looked  on  as  ox  olat«  of  silrer, 
Ag  0,  C«0.i ,  plus  2  eq.  of  carbon  in  the  acid  Ag  O,  C«0» . 

The  raellitotc  of  ammonia,  N  II4  I),  C»  Hi ,  when  hcAtrd  in  ■ 
retort,  yields  several  new  and  remarkable  prod  nets.  When  this 
salt,  N  Ha,  n  0,  C»  0»  =  C.  II.  N  0.  is  heated  t<.  320*.  it  gtws 
ofl' ammonia  and  water,  and  there  remains  a  mixtnte  of  two 
compounds ;  a  soluble  one  which  contains  ettchronic  oi 
oombination  with  ammonia,  and  an  insoluble  one  which  is 
paramide. 

Paramide  is  a  yellow  solid,  like  clay.  Its  roost 
character  is,  ihot,  when  long  bi.ilcd  with  water,  it  is  conT«ri«d 
into  bimellitate  of  ammouiu.  This  is  the  ohoracter  of  on  unidei 
hence  its  name.  The  composition  of  paramide  is  C»  H  N  0., 
which  readily  explains  both  its  formation,  and  its  conrersioa  iat» 
bimellitate  of  ammonia. 

If  from  Umpllitateorammonis,  NH.O,  C.O»+HO,  C.O>=C>H>XO> 
WB  subtract  4  eq.  of  wslor        ......  H,    0< 


tker*  will  remdio Fanmids  =:  C«  H  R0< 

and  of  coarse,  when  oonverted  into  bimellitate  of  ammonis  by 
long  boiling,  it  merely  takes  up  again  these  4  eq.  of  water. 

The  soluble  compound,  euchronate  of  ammonia,  when  its  solu- 
tion is  oolcil  on  by  hydroolilorio  acid,  deposits  a  white  crystilliM 
[>owdur,  which  ia'cuchrouio  aoid,  Cu  N  0«,  2  U  0.  \t»(otmalim. 
is  oauly  explained ;  fvr 


J 


CTASOOEK. 
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Htnm  Seq.  cfmeffitete  of  •mmnni*  =  3  (C.HtKO.)  =  CallMNt  Oi> 
«F  Nbtnet  6  eq.  w&t«r  uid  2  eq.  MBmoiiiA  ^        Ilri  Hi  U<> 


ibMi  vill  Kfflsiii  •nhjdroai  eadutaiie  add 


=  C« 


N  U« 


We  can  now  see  that  the  action  of  heat  on  7  eq.  of  mellitate  of 
ammooiii  giree  rise  to  the  following  substances : — 

2  tx).  Puwnide  =  C.  Hi  KtO, 

1  eq.  Bnclironio  Acid  =  Cii         tf  0» 

4  eq.  Ammoiua  =              n„  N* 

14  eq.  Water  =               B,.      Ou 


'  eq.  auIUtate  of  ammonia  =        C  Hi>  St  0» 

;,■  Bcid  19  boiled  with  wnter,  it  is  dissolred  and 
::  acid  mellitate  of  anunonlo. 


1  M|.  Boehnmie  A^ 
*aA  (I  «q.  Watur 

Tugvther 

9  <q.  McIIitic  Acid 
aad  1  eq.  Ammoaia 

Togvvber 


=        Cu       IT  0. 
=  11,      <). 


Cii  Ilg  N  On  lae  equal  to 


=        Ci.  Hj      0.1 
=  H,  N 


CiiHoNOu 


a«id  is  deoxidised  by  a  plate  of  zinc,  yielding  a 
I  fine  d<?ep  blue  colour,  which  dissolves  in  ammonia  or 
potaah,  with  a  splendid  tint  of  pur]>le.  The  blue  powder  is  on 
ittCariof  oxide  of  the  same  nitrogeniscd  radical,  which,  combined 
I  Oiora  ozygeo,  forms  euchronic  acid.  The  whole  subject  of 
'  ' !  «oid  and  euchronic  acid  is  most  interesting,  but  mellitio 
acid  is  so  rare  that  it  is  very  diihcult  to  find  material  for  tlie 
tnrcati^tion.  As  mellitio  acid,  like  sncoinic  acid,  is  of  organic 
origin,  and  contains  only  1  eq.  of  hydrogen  less,  and  I  eij.  of 
ot.Jpra  more  than  suocinio  acid,  we  may  hope  to  be  enabled  to 
obtain  it  artificially. 

ni.  CTAHOon.     CtK  =  Cjr  =  20. 

rery  important  compound  has  already  been  mentioned  as 

»uod  of  carlwn  and  uitropen :  but  we  have  now  to  consider 

ita  for  mnro  im(>rirt«Dt  character  of  a  compound   radical. 

jfaat,  ji  WM  the  fir«t  compound  radical  discovered,  and  the 

Bogcn  by  Gay-Lussac  has  jiroved  more  fertile  in 

<  other  discovery  yet  made  in  Organic  Chemistry. 
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A«  ojmnogea  adi  exactly  like  on  element,  we  shall  ivprvsmt 
it  by  the  synilMd  Cr,  niUier  than  by  Ct  'S  :  using  the  latter'  only 
where  the  elements  of  cyanogen,  and  not  itaelf,  enter  into  ohaaga 
and  reactions. 

Cyanogen  is  formed  when  animal  matter  is  i|>nit«d  along  with 
carbonate  of  potimh  in  close  or  covered  iroa  Tcanela.  Tb« 
cyanogen  being  a  gas,  and  combustible,  would  be  dissipated,  and 
in  open  vessel*  burned,  were  it  not  that  it  entt-rg  into  com- 
bination with  potassium  derived  from  the  csrbunate,  forming 
cyanide  of  potassium,  E  Cy,  a  salt  not  altered  by  a  red  heat  in 
closo  TesEcIs.  As  this  salt,  however,  is  dooompoaod  by  the 
action  of  water,  yielding  carbonate  of  jvitosh  and  of  amrooniii, 
hydrogen  being  set  free,  (K,  Ci  N  +  5  H  0=K  O,  C  Oi  +  ?!  H., 
HO,  C  0>  +  H),  it  is  necessary  to  convert  t!-  ■  ■•!„  „f 
potassium  into  a  more  stable  compound.     This  i>  v  the 

addition  of  iron,  or  of  sulphuret  of  iron,  the  lattir  oi 
formed  by  the  mutual  notion  of  the  sulphate  of  pota>i 
present  in  jiotashes),  carbon,  and  the  iron  of  the  vesstl.     IM 
iron,  or  its  Aulphuret,  is  readily  dissolved  by  the  aqueous  wlution 
of  cyanide  of  potassium,  yielding  cyanide  of  iron,  Fe  Cy,  and 
Bulphnrct  of  potassium  K  S,   for  K  Cy  +  Fe  S  =  Fe  Cy  +  K  3. 
The  elements  of  the  cyanide  of  iron  then  form,  with  cyanide  of 
potassium,  the  very  permanent  double  cyaniJe,  well  known  as      u 
pruBsiate  of  potash,  properly    ferrocyanide  of  potasaiuni,  which  U 
fonns  large  and  pure  transparent  yellow  crystals.      Fiom  this  1 
compound,  all  the  other  compounds  of  cyanogen,  and  cyanogen 
itself,  are  prepared.     Its  empirical  formula  is  Fe  Cy,  "i  K  ("y  +  3 
n  O,  or  Fe  K>  (^y^  +  3  n  O.     At  212°  it  loses  all  the  waU-r,  and 
then  contains  only  iron,  poto-ssium,  and  cyanogen  Fe  +  Kj  +  Cy» . 
It  may  be  conveniently  viewed  as  a  compound  of  cyanide  of  iron 
with  cyanide  of  potassium  ;  but  we  shall  see  hereafter  that  its 
rational  formula  is  probably  very  diiferent,  and  that  it  is  a  ootD- 
pound  of  potassium  with  a  new  radical,  ferrooyanogen. 

Cyanogen  gas  is  best  prepared  by  heating  dried  bicyanlde  of 
mercury,  when  the  gas  is  given  off,  a  part,  however,  astuinii^ 
the  solid  form,  and  remaining  behind  as  a  black  matter,  p«T»- 
cyanogen,  iiomerio  with  cyanogen  ;  or  by  heating  a  mixture  of 
6  parts  dried  ferrocyanide  of  potassium  and  9  parts  bichloride 
of  mercury,  when  chloride  of  potassium  is  fonrnd  by  the  action 
of  the  bichloride  on  the  cyanide  of  potassium  of  the  ferrocyanide, 
and  the  cyanide  of  mercury,  if  formed,  is  at  once  decorafiosMi  by 
the  heat.  Fc  Cy.  2  K  Cy  +  Hg  (;1.  =  Fe  Cy,  2  K  CI  +  II  e  +  Cvi . 
The  c)'ani<lc  of  m)n  is  not  altered.  The  gas  may  be  ciUcatcd 
over  TOtrcury.  but  is  absorbed  by  water,  with  which  it  pruduoet 
Ul«  various  change*  which  have  betoi  already  ezplaintd. 


HTDROCTAXIC  ACTTJ. 


a  Tcry  pungent  and  peculiar  smoll,  is  colonrless  and 
ent;  and  may  be  liquefied  by  a  jiressuro  of  sbont  4 
■Imo^bcr^!*.  It  is  ooml>astible,  and  burns  with  a  beautiful  pink 
or  {mrplish  flume,  edged  with  yellow. 

Cyauogen  fonns  with  hydrogen  an  ocid,  the  hydrocyanic,  II 
Cj  ;  with  oxygen  and  the  clementB  of  waftr,  four  acids,  Cy  0, 
HO;  Cyi  Oi",  2  n  0 :  and  Cy»  Os,  3  H  O  ;  of  which  tlie  fii-st  is 
eyanie,  the  second  fulminio,  and  the  third  is  cyanuric  acid.  The 
foortk  acid  has  very  recently  been  discovered  by  Licbig,  which  is 
iioiBBio  with  cyanurio  acid.  It  is  called  fulniiuurio  acid, 
baoaaae  it  is  derired  from  fulminie  acid. 

Cjranogen  combines  with  chlorine ;    with  sulphur  it  forms  a 

nrw  radical  Cy  Bs,  sulpbocyanogen  ;  and  with  metals  it  forms 

Its,  pvrfvctly  analogous  with  chlorides,  such  as  K  ('y,  Fe  Cy, 

■  Cy,  Ilg  Cyi ,  &o.     In  short  it  plays  exactly  the  part  of  a 

B^  radios],  and  were  it  not  easily  dooomposable,  we  should  at 

I  it  with  chlorine  as  an  element. 


CTAIfOOrjf   A3n>    HTPROOKX. 

n^drocTinic  or  Pnurie  Acid.     H  Cy  =  27. 

Iliis  aeid  maj  be  obtained  by  a  great  variety  of  processes ;  bat 
must  economical,  and  most  certain,  is  to  act  on  the 
Dido    of  pota&^ium   with   diluted   sulphuric    acid.     The 
r«ittir«9  to  be  slightly  modilied,  according  as  our  object 
ia  to  prrpare  the  dry  or  anhydrous  acid,  or  the  diluted  aqueous 
■•Istioa  of  it  owd  in  medicine. 

1.  Athtfdmiu  Arid. — To  prepare  this  acid,  15  ports  of  powdered 
feiiw;j>aaidi>  ore  to  bo  distilled  at  a  gentle  heat,  with  a  mixture 
lU  9  |iartf  of  oil  of  vitriol,  and  9  uf  water,  aud  the  product  is  to 
ba  raeeiTcd  in  a  convvnicut  receiver  placed  in  a  freezing  mixture, 
lilaining  t>  part*  of  chloride  of  calcium  in  small  lumps. 
\  liquid  cno\igh  ha.s  distilled  to  cover  the  chloride,  the 
tMB  i*  Btopp4^,  and  the  hydrocyanic  acid,  deprived  of 
by  the  chloride  of  calcium,  is  to  be  decanted  into  a  dry 
r  "  •  .1  bottle.  It  may  olso  bo  obtained  by  diBtilling, 
ggg^rr  iciimBtanooB,   cyauido  of   pfitassiuiu  with  dilut« 

L,     In  liolli  cases  the  ftci<l  is  formed  by  the  reaction 
acid  on  cyanide  of    j)ota£siura.   or  its  dements, 
.S  0.  =  K,   .SO,  4-  II  Cy.     l>ry  hydrocyanic  acid  is  a 
■iwl  colourless   li.juid,   of  Sp.  0.  0(if»fi7  at  Ofi" ;  at   Si)"  it 
11   moss,  in  conscqueiuM'  of  the  presence  of  a  trooo 

,1  60'  it  boils  ;  the  density  of  its  vapour  is  0-W76. 

Tl  b  iB&aiamoble,  aud  haa  a  very  peculiar  and  disagrvcablu  &nx«Vl 
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and  taste.  It  is  the  most  energetic  poison  known,  one 
iutTudueed  into  tho  mouth  being  sufficient  to  destroy  au  tm 
of  considerable  size.  When  pure,  it  is  often  soon  spontaneously! 
decomposed,  depositing  a  dark  brown  solid;  a  trace  of  sulphurio  ' 
acid  is  said  to  cause  it  to  keep  perfectly ;  but  we  have  oeen 
Tttrious  Kpccimens  of  it,  all  prepared  alike,  some  of  which  hare 
kept  well  for  years,  while  otiiers  have  depositinl  much  brown 
solid  matter,  and  burst  tlie  tubes  by  the  gas  disengaged.  AVhen 
in  oontoot  with  the  strong  mineral  acids  and  wat^^r,  it  is  decom- 
pofied,  being  converted  into  ammonia  and  formio  ooid ;  li,  Otli+  ^B 
4  nO=NUs,  UO  +  C.  H0«'.  ^ 

2.  Medicinal  or  diluted  Ht/droct/anic  Acid. — This  may  be  pre- 
]>arcd  by  simply  diluting  the  anliydrous  acid  with  the  required 
proportion  of  water,  adding,  for  example,  97  grains  of  wnttr  to 
3  of  the  acid,  to  obtain  an  ncid  of  3  per  cent.  ;  which  is  about  the  ' 
average  strength  used  in  medicine.  In  round  numbers,  to  one 
part,  6y  iceight,  of  dry  acid,  32J  parts  of  water,  by  weight,  «r»  to 
be  added  :  or,  to  1  rolume  of  anhydrous  acid,  22^  Tolome*  of  j 
water.  But  as  it  is  troublesome  to  prepare  the  anhydrous  acid, 
it  is  best  to  distil  2  parts  of  ferrocyauide,  with  1  of  sulphurio 
acid  and  2  of  water,   to  dryness  iii  a  chloride  of  oolcium  bath. 


I 


oondensing  in  a  Liebig's  apparatus  (see  woodcut),  in  the  reoeiver 
uf  which  2  more  porta  of  water  are  placed.  Dy  this  means  we 
obtain  4|  ports  of  an  acid,  not  anhydrous,  but  far  too  strong  for 
use,  containing  from  15  to  20  per  cent  of  dry  aeid.  Its  precise 
stretigth  i»  ascertained,  and  it  is  reduced  to  the  standard  atrcngUi, 
in  the  following  simple  manner : — 

Any  oouveniont  quantity,  soy  60  or   100  grains,  is  weighed 
oat,  being  added  to  a  couatorpoised  vessel  containing  about 
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nitrate  of  silrpr,  disMilriKl  in  2  or  3  oanoea  of  wmter. 

pose  that  we  have  (lro{iped  ioto  this  Tend  tO  gnuaa 

ifl^  Btid.     This  wUl  be  entin-ly  converted   into   cyunide   of 

nlrer,  but  we  make  sure  hy  testing  with  a  drop  of  nitrate  of 

iAtw.      The    precipitate   is  then    collected  on   a    filter,    well 

mabed,  dried  at  212-  on  a  weighed  filter,  and  the  increase  in 

weilgLt  of  the  iiltcr  gives  the  weight  of  the  cyanide  of  ailvur 

Bed.     Kow  this  cyanide  is  formed  as  follows:  11  Cy  +  (Ag  O, 

0.}=Ag  Cy  +  (HO,  >0»).     Therefore,   1  en.  of  hydnicyanio 

n   C'y:=27   produces   I   eq.   cyanide    of    silver  Ag  Cy= 

IM ;    or  1   grain  of    anhydrous   hydrocyanic    ooid  wiU  yield 

ao8t  exacUy  5  grains  of  cyanide   of  silver:  fur  23:    134:: 

1 1 :  4-9.    AVe  may,  therefore,  safely  ossome  that  the  weight  of  the 

evAnide  of  sjlrer,  divided  by  5,  gives  the  weight  of  anhydrous 

lacid  present  with  sufficient  accuracy  for  all  practivol  purposes. 

I  w»  have  used  70  grains  of  our  dilute  acid,  the  strength  of 

I  we  wish  to  know.     Let  us  suppose  that  our  Ulter  weighs, 

1  empty,  20  groins,  and  with  the  cyanide  of  silver,  dried  at 

1212"  till  it  oeaaee  to  lose  weight,  100  grains.     The  diifcrenoe,  or 

|80  grains,   is  the  weight  of  cyanide  of  silver  obtained  from  TO 

fgraitta  of  our  acid.     Dividing  this  by  5,  we  have  16  grains  as 

Um  might  of  anhydrous  acid  contained  in  the  ~0  grains,  and 

OODMqneBtly  combined  with  64  of  water. 

Kow,  if  we  wish  to  state  tlie  per-centa^  of  this  acid,  wo  obtain 

IG  +  lOO 

it  by  tlie  calculation,  70  :  16 : :  100 :  x,  and  i  = =22-85, 

70 
I  that  our  arid  contains  22-85  per  cent,  of  anhydrous  acid.  But 
I  if  oar  only  object  be  to  reduce  the  acid  to  a  standard  strength, 
say  that  of  3  {ler  cent.,  this  last  calculation  is  unnecessary,  and 
I  We  eon  proceed  as  follows :  acid  of  3  per  cent,  contains  3  groins 
I  of  dry  acid  and  97  of  water ;  therefore,  to  find  how  mtiuh  water 
'  U  to  b«  added  to  16  grains  of  anhydrous  acid,  3 :  97  : :  16 :  x, 
97  +  16 

and  X  = ^  517'3  gnuns  of  water,  which  most  be  added 

3 

■to  16  grains  of  anhydrous  acid,  to  bring  it  to  the  s.imo  strength. 

at  otif   70   lirrtin.i  of    acid  contain  already,   with   the   16  of 

i.  5-1  gruinn  of  water,  consequently  we  have  only 

70  grains  517-3— 54=463-3  grains  of  water,  and 

Uc  b^uiiu  quiuitity  of  water  for  every  70  groins  of  tlie  same  acid. 

Of  cn'UTie,   it  is  eoiy  to  calculate  the  water  necessary  for  1  or 

fworo  ounces  of  tlie  acid,  when  we  have  once  found  it  for  uny 

^gif^ai  iinanlity.     I  have  hero  supposed  70  grains,   but  with  50 

pt  100  tho  calculation  is  easier,  and  with  a  drachm  by  weight 
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(60  grains),  we  have  simple  data  for  calculating  how  nnxoh  water 
{•  required  for  any  number  of  ounces  or  drachms,  troy,  of  acid, 

Tliis  beautiful  and  simple  method  of  preparing  the  mediointl 
hydrocyanic  ncid,  and  ascertaining  its  precise  strength,  luu  been 
minutely  descrilivd,  because  of  its  practical  importance.  It  is 
^'■0  simple  an  operation,  that  any  one  may  very  soon  learn  to 
ascertain  the  strength  of  hydrocyanic  acid,  and  it  is  very  exact. 
Besides,  no  other  method  of  obtaining  a  medicinal  acid  of 
uniform  strength  ought  to  be  trusted  to ;  and  we  ought  never 
to  attempt  to  obtain  the  acid  of  the  standard  strength  by  distil- 
lation, although  many  methods  are  given  for  this.  I  have  never 
seen  any  one  of  these  yield  twice  the  same  result ;  whereas  by 
tlie  above  method  we  can  prepare  acid  of  exactly  the  same 
Btrongth  any  number  of  times,  and  the  acid  prepared  from  tba 
fcrrocyaniile,  by  sulphuric  acid,  kcf?ps  perfectly  well.     Of  a 

whca  we  have  added  the  calculated  quantity  of  water  to  

the  ncid,  it  is  proper  to  ascertain  its  strength  once  more,  to 
make  sure  that  we  hove  made  no  error  in  our  calculation.  If  it 
be  acid  of  3  per  cent,,  it  will  yield  15  grains  of  cyanide  of  ailver 
from  100  of  acid. 

There  are  two  other  methods  which  deserve  to  be  mentioned, 
OS,  witli  pure  materials  and  careful  manipulation,  they  yield,  in 
a  few  minutes,  a  standard  acid.  The  first  is  that  of  Dr.  Clarke, 
It  ho  addri  to  I  eq.  cyanide  of  potassium  dissolved  in  water,  2  cq. 
Tartaric  acid,  which  separates  the  potassium  as  cream  of  tartar, 
while  diluted  hydrocyanic  acid  remains  dissolved.  For  every 
100  grains  of  water,  7J  grains  of  cyanide  of  potassium  and  16J 
of  crjktallised  tartaric  ncid,  are  required.  This  is  an  excellent 
extemporaneous  process,  if  we  have  pure  cyanide  of  potassium, 
but  that  salt  does  not  keep  well,  and  even  in  its  preparation  it 
is  opt  to  be  decuraposvd,  at  least  partially.  It  is,  Ix-sidos,  on 
expensive  salt.  The  other  is  the  process  of  Everett,  who  suspend* 
cyanide  of  silver  in  water,  and  adds  an  equivalent  of  hydro- 
chloric acid.  Ag  Cy  +  II  CI  =  Ag  CI  +  H  Cy.  This  is 
good  extemporaneous  process,  15  grains  of  kg  Cy  being 
for  every  1(K)  of  water,  and  4  grains  of  dry  U  CI,  that  is, 
12  grains  of  acid  Sp.  G.  1'2I,  being  added.  This  process  is  also 
expensive,  although  the  silver  is  not  lost ;  hut  the  chief  objection 
b,  that  it  is  difficult  to  add  the  precise  amount  of  hydrochloric 
Oeid  which  is  necessary,  and  that  an  excess  causes,  ^»ro  tanli, 
u  oonveraion  of  the  hydrocyanic  acid  into  formic  acid  and 
nmmunia. 

The  medicinal  acid  has  the  smell  and  taate  of  the  anhydroat, 
and  is  very  jioisonous,  the  average  dose  safe  for  an  adult  being 
1  to  2  dru]ja  in  a  glass  of  water.    It  is  much  used  as  a  sedatire 
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ttnd  anAffrnc,  Irat,  nalflH  it*  stTentrth  and  dose  be  pcrfcctlr 
kooim,  it  is  B  daagcroui  ttmedy.  Fatal  accidviits  tiave  ocourred 
fnmi  prcucrijitions,  found,  after  experience,  to  act  favourably, 
being  made  up  in  another  place,  or  by  the  same  druggist  with 
a  fresh  stock  ;  this  fresh  stock  being  exactly  of  the  utandaid 
■traiglli,  while  the  previous  acid  had  lost  so  much  by  keeping; 
that  the  dose  had  been  of  necessity  increased.  There,  danger 
•otoally  arose  from  a  too  weak  acid  having  bren  used.  Hence  the 
neoeauty  for  the  great  exactness,  for  which  rules  are  given 
,-abore.  In  cases  of  poisoning  by  this  acid,  now  unfortunately 
Df  very  frequent  occnrrence,  there  is  seldom  time  to  administer 
antidote ;  but  when  life  is  not  extinct,  we  may  confidently 
ely  on  tiie  antidotes  we  possess.  Tlie  best  is  the  administration 
'  two  solution*,  one  of  mixed  sulphate  of  protoxide  and  peroxide 
'  iron,  and  the  other  of  carbonate  of  potash,  as  recommended  by 
emrs.  Smith,  Edinburgh,*  by  which  the  acid  still  in  the  stomach 
i»  render«l  insoluble,  being  converted  into  Prussian  blue.  The 
om»  already  produced  are  bejt  combated  by  ammonia  in- 
;  from  a  sfwnge,  or  taken,  diluted,  internally,  and  by  other 
R&sablc  stimulants  ;  also  by  the  cold  affusion. 
Hyirorranio  acid  is  very  easily  recognised  by  its  smell,  and  by 
:«sian  blue  if  acted  on,  in  solution,  successively, 
>l>hate  of  iron,  by  potash,  and  by  an  excess  of 
I  acid.  The  first  two  tests  form  the  Prussian  blue ; 
niving  the  excess  of  oxide  of  iron,  brings  the  blue 
Any  liquid,  suspected  to  contain  hydrocyanic  acid, 
fitvt  to  be  distilled  with  the  addition  of  a  little  dilut« 
Jphorio  soid,  and  the  tests  applied  to  the  first  ounce  that  comes 
titrate  of  silver  produces  a  white  cloud  of  cyanide  of 
ircr,  exactly  like  the  chloride  in  appearance. 

Hydrocyanic  acid,  with  netollio  oxides,  give  rise  to  water  and 
Beuilic  cTonidcs.     U  Cy  -f  M  0  =  H  O  +  M  Cy :  or  3  H  Cy  + 
Oi=  3'U  O  +  M  Cy>. 


1.  Crutic  Aci»,     Cy  0,  HO  =  CyO., 


a  =  49. 


I  A  inpnijVa''ip  acid ;  is  formed  when  dry  cyanide  of  potassiaiB 
fet<i'  "•>  oir,  when  oxvgen  is  obsorbi'd,  and  cynnate  of 

m>      ,         .  f.^1.     K  Cy  +  Oi  =  K  0.  Cy  (»  or  K,  Cy  0.. 
■When  a  stronger  acid  is  added  to  this  salt,  the  cyanic  add  is 
set  frvc,   but   immediately   dooomposes  with   water,   producing 
ainmotiiB,  which  unite*  with  the  strong  acid   used,  and  oorbooio 
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acid  which  escapes  as  gas.    C.  N  0,  H  0  +  2  H  0  z=  N  11,  +  2' 
C  0« .    The  carbonio  aeiJ   carries  with  it  a   little  cyaiiio  acid, 
which  forms  dense  white  va]iours,  and  has  a  pungent  acid  smell 
like  that  of  strong  acetic  acid.     Under  oil  circumstanoes,  free 
cyauio  acid,  in  contact  with  water,  is  instantly  destroyed. 

It  may,  however,  be  obtained  in  tlie  anhydrous  state,  according 
I  the  formula  Cy  Oi  +  H,  or  as  monohydrated  acid,  if  viewed 
Cy  0,  H  O,  by  distilling  cyanuric  acid,  Cys  Oo  +  U^ ,  or 
Cys  0»  +  3  11  0.  This  aoid  is  polymeric  with  cyanic  acid,  and 
when  heated,  1  eq.  cyanuric  aoid  splits  up  into  3  cq.  cyanic  aoid, 
which  apiK'ars  in  the  receiver  as  a  volatile,  pungent,  very  oor- 
zosive  acid  liquid.  This  acid  only  keeps  for  a  very  short  time, 
•vcu  in  the  freezing  mixturo  in  which  it  is  condensed.  If 
removed  from  the  cold,  it  soon  becomes  turbid,  then  hot,  boils 
violently,  and  with  violent  shocks,  and  is  converted  into  « 
solid  dense  white  body,  like  porcelain,  quite  insoluble  and 
iudiifcront. 

This  is  C)/av)eh'Jf,  another  polymeric  compound,  containing 
the  some  elements  in  the  same  proportions,  hut  differently 
arranged,  pos.sibly  f,  (ij  +  JJ  H,  tliat  is,  bicarbimidc,  for  it 
yields,  under  the  inlliienco  of  water  and  strong  acids,  carbonio 
aoid  and  ammonia,  (Ct  Oi,  Jf  H  +  2  H  0  =  2  C  Oi  +  N  lis) 
just  as  cyanic  aoid  does.  When  distilled,  it  is  reconverted  into 
oyauio  aoid,  another  proof  that  it  is  polymeric  with  that  acid. 

CTlItATES. 

The  salts  of  cyanic  acid  are  all  distinguished  by  the  action  on 
them  of  strong  acids,  which  cause  disengagemtul  of  ourUmic 
aoid,  while  ammonia  may  now  be  detected  in  the  U<}uid.  The 
oyonatea  of  potash,  ammonia,  &c.,  are  soluble;  those  of  lead, 
silver,  &c.,  insoluble. 

CyanaU  of  Potash  is  best  formed  by  the  oxidation  of  Liebig's 
cyanide  of  potassium,*  which  may  easily  be  efiected  by  adding 
litharge  in  proper  quantity  to  the  melted  salt,  K  Cy  -f  2  Pb  0 
^  K,  Cy  0»  +  rb> ,  The  cooled  mass  is  powdered  and  boiled 
with  alcohol  of  80  ]ier  cent.,  which  on  cooling  deposits  pnre 
cr}-*tals  of  eyanate  uf  ]>otash,  verj'  similar  to  ctiluratc  of  potaah. 
Or  driexl  furrocyonide  of  ])otassium,  mixed  with  half  its  weight  of 
peroxide  of  manganese,  may  be  gently  heated,  spread  out  on 
on  iron  plate,  when  it  burns  like  tinder,  partly  at  the  expense  of 
the  oxide  of  mongunese,  partly  in  Uic  oxygen  of  the  air.  It  ia 
well  stirred  tilt  every  part  has  glowed,  and  the  cold  nuM  u 
tiMted  with  alcohol  as  above. 


•  Tb«  fiUiiMUoa  or  (hU  Mil  will  Iw  dcscrlbol  tielow. 
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CJfUttte  of  potash  must  be  kept  in  scaled  tnlws,  for  in  pliials 
>BMB(m«lly  opeovd  it  is  ouon  obanged  into  bicarbonate  uf 
itaah,  vninonia  Ining  iflven  off.  K,  C»  Jf  0«  +  3  H  0  = 
K  n,  2  r  O.  I  -t-  N  II,:  Triturated  with  dried  oxalic  acid,  this 
^  oxalate  of  potash  and  cyomelido.  When  aoetio  acid 
L  „..,...  l<j  a  concentrated  freshly  mode  solution  of  c)-anate  of 
potMh,  tht>  latter  being  in  excels,  there  ia  deposited  the  aoid 
cjraBurate  of  pota»h, 
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a.  baitc,  WTjcn  dry  ammonia  and  the  v8i»oar  of  cyanic  acid 
am  mixed,  thcr  form  a  light  white  solid,  wluoh  is  a  cyonate  of 
ammonia,  coalainiug  more  ommuaia  than  is  required  for  a 
neutral  salt.     Thin  suit  gives  oil'  ammonia  when  treated   with 

^icid  whi'ii  treated  nith  sulphuric  aoid.     But 
,  aud  the  Bolutiou  digested  and  evaporated, 
it   s  Us,  whinh,   although  eouUiining  the  elements  of 

eyar. .  iimonia,  and  water,   exhibit  neither  of  these  oha- 

rtotiirii  ot  a  cyanate,  but  are  found  to  possess  all  the  projicrtios  of 
WTM,  a  pn>duet  uf  ihe  auimul  system. 

b.  Amiimilout  eijaniiU  uf  ninmnnia,  or  Urea,  C«  Ni  H«  Ot  = 
|&  y  '^,  If  '),  N  n»).     This  rLiuiirkalilc   compound  exists  in 

n  in  healthy  \mnc,  and  is  extracted  from  it  by 
■  ibont  2(tO^  to  a  thin  syrup,  and  adding  about  on 
equal  volume  of  colourless  nitric  acid,  Sp.  O.  1  -35,  quite  free  froia 
nitrou*  acid,  whidi  forms  a  very  copious  crystallisation  of  nitrate 
of  nrca.  while  tho  colouring  matter  is  destroyed  with  brisk 
vffcrve»oeneo.  If  cold  bo  applied,  the  colouring  matter  resists, 
and  Iho  nitrate  i»  then  very  dark  and  very  difficult  to  purify  ; 

'  '  'it,  therefore,  not  to  be  used,  and  tho  nitrate  of  urea  is 

nearly  white,  having  only  a  clear  yellow  tint.  It  is 
ii;-ji\,  li  in  water,  after  being  reorystalliscd,  and  neutralised  by 
]iOta»h  or  biiryta.  Tho  whole  is  then  gently  evaporated  to 
drynew,  nft<  r  sepurntiiig  as  much  nitrate  of  potash  or  of  boryta 
u  jHjiwibir,  fiiicl  Uf  dry  mass  digested  iu  alcohol,  which  dissolves 
only  the  urro,  and  by  spoulaneous  evaporation  yields  it  in  large 
troniparcnt  priimiitic  erysf  ils.  Should  these  not  be  colourless, 
the  digtstiou  of  tbt  ir  uqiiemis  wdution  with  a  little  permangunnto 
ofpnfa«h,  whidh  ban  mi  uelion  on  urea,  destroys  tho  colouring 
Should  ttu  excess  of  that  salt  be  added,  a  few 
:  >1  will  instantly  destroy  it,  oud  the  tiltored  liquor 
mil  yield  snowwbite  crystal*  of  urea. 


IS 
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But  althoiig:li  urea  may  thus  be  obtained  (or  by  tbe  action 
of  oxalic  acid  ou  the  urine,  whiuli  forms  a  spariagly  soluble- 
oxalate  of  urea)  in  any  quantity  from  urine,  it  is  found  much 
easier  to  prepare  it  artiiicially  from  oyanat«  of  ammonia.  Liebig 
recommends  the  following  process,  which  I  have  found  to  laooeod 
perfectly  :  28  parts  of  dried  ferrooyanlde  of  potassium,  and  14  of 
peroxide  of  manganese,  are  mixed  in  powder  and  calcined,  an 
above  described,  on  a  flat  iron  plate  at  a  very  low  red  heat,  suffi- 
cient to  keep  up  the  glow  which  takes  plaoe.  When  this  is  over, 
the  cold  mass,  powdered,  is  acted  on  by  a  moderate  quantity  of 

I  oold  water,  which  dissolves  the  cyanate  of  potash.  This  it 
filtered  off,  and  set  aside.  A  fresh  portion  of  cold  water  bein^ 
added  to  the  powder,  to  wash  it,  is  also  filtered,  and  in  this  liquid 
are  now  dissolved  20^  parts  of  sulphate  of  ammonia,  and  the 
solution  is  added  to  the  first  filtered  solution  of  the  cynnate.  A 
largo  quantity  of  sulphate  of  potash  is  deposited,  which  is  straiaed 

I  off,  and  the  filtered  liquid  now  containing,  with  some  sulphate  of 
potash,  all  the  cyanate  of  ammonia,  is  evaporated  to  dryness, 
during  which  process  the  cyanate  of  ammonia  is  transformed  into 
urea.  The  dry  mass  is  digeMcd  in  alcohol,  which  dissolves  only 
the  urea,  and  yields  it  from  the  first  chemically  pure  and  in  any 

■  quantity,   if  the  operation  be   carefully  performed.     Urea  thus 

'obtained is  far  uhcajier  than  that  extracted  from  urine. 

Tlie  artificial  production  of  urea  from  cyanate  of  ammonia  was 
discovered  by  Wcihler.     It  was,  with  the  exception  of  oxalic  acid, 

I  and  of  hydrocyanic  auid,  the  first  example  of  an  organic  prodact 
artificially  formed,  although  many  other  cases  are  now  known. 

Urea  forms  4-sided  prisms,  resembling  nitre  in  appcoranoe, 
and  abo  in  their  taste,  which  is  saline  and  cooling,  exactly  like 
that  of  nitre.  It  is  soluble  both  in  water  and  alcxihol.  When 
heated,  it  melts,  gives  off  much  ammonia,  and  finally  sulidifies, 
being  in  a  great  measure  converted  into  ammonia  and  cyanurio 
aoid. 

Urea  belongs  to  the  class  of  organic  bases,  for  it  forms  crystol- 
lisable  compounds  with  several  acids,  such  as  nitric,  oxalic,  and 

Pacetic  acids. 

The  nitrate,  when  impure,  crystallises  in  scales  of  a  high  lustn ; 
when  pure,  it  forms  opaijuo  prisms,  or  a  eryttallino  powder.  It 
is  sporinglv  soluble  in  cold  water,  but  very  soluble  in  bot  water. 
Formula,  (C.  N.  IK  O.,  H  0,  N  0.). 

The    oxidate  fonns  long  transparent  prisms,   verv  sparingly 
soluble.     Formula.  (C,  X,  H.  Ot,  H  O,  C.  0»)=C«  N.  H.  (U. 
Thv  acetate  I  have  obtained  as  a  mass  of  prismatic  crystals, 
Koccdingly  soluble  in  water.     Formula,  probably  (Ci  JJi  H«  Oi, 
HO,  CIl,0*)=CNsH.Oe. 
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AIAongli  urea  oombinet  with  pure  nitric  acid,  it  is  instonta- 

Ptulj  deoomiioseil    by   hyponitrous    acid,   yielding    ammonia, 

Iter,  and  equul  rolumcs  of  carbonio  avid  and  nitrogen  gaftcs, 

I  Si  n.  Oi  +  N  0.=  N  m  +  H  0  +  2  C  0.  +  N..     When 

on  by  strong  acids,  or  allcalieg,    with   the   aid  of  heut, 

takes  np  the  elements  of  water,  and  forma  carbonate  of 

urn,  C»  Nt  H4  0.  +  2  H  0  =  2  (N  Hi..  C  Oi).    It  may 

■foro    be   recorded    aa    a    doable    mok-oule    of    carbamide 

Ci  N.  H.  Oi=2  (N  Hi,  C  0).      When   urine    is  left    in 

Qtact  with   the    mucus   usually  suspended  in  it,   the  maous 

ering  into  decom|iosition   excites    in  the  urea  such  a  reao- 

Dn  with  the  elements  of   water,  as  very  soon  to  convert  the 

bole  urea  into  carbonate  of  ammonia.     Hence  the  reason  why 

rtnc  so  soon  becomes  alkaline,  even  if  acid  when  voided.     But  if 

Itt-rod  from  the  mucus  as  soon  as  passed,  it  keeps  unuhonged,  in 

dum  Tcssds,  for  a  long  period. 

i   Fiuiiiio  Acid.     Cy,  0, ,  2  H  0  =  Cy,  0. ,  H,  =  86. 

A  bibasio  acid,  unknown  in  the  separate  form.     It  is  obtained 
combination   with  oxido  of  mercury,  or  oxide  of  silver,  by 
IjUoohol  witli  the  nitrates  of  these  metals,  and  free  nitrio 
ttlcnt  effervescence  takes  place,  dense   white  vapours 
i,  and  a  crystalline  powder  is  deposited,   which  ia 
ktc  of  mercury  or  of  silver.     Both  detonate  powerfully  by 
,  iHction,  or  percussion. 
In  iJic  above  reaction  there  arc  first  formed,  on  the  one  hand, 
unitrous  acdd  :  on  the  otlier,  aldehyde,  and  formic  and  oxalic 
lids.     Tli#  fulminie  acid  is  the  result  of    a  reaction    between 
lot  othyle  (ether)  and  hypouitrous  acid,  in  presence  of  oxide 
_  Bury  or  oxide  of  silver.     2  N  Oa  +  (C«n»)  0  =  C»N»0,  4- 
'0=t'y,  (),,  2  H<»  +  3  no. 
r  Thi»  aoid    cannot  )m)   isolated,    being    instantly    decomposed 
i  deprived   of  a  llxe<l   biiso.     It  forms  two  sr-ries  of  salts : 
with  2  eij.  of  fixed  base,  Cyi  Oi ,  2  M  <>  ;  and  acid, 

1  «).  of  fixed  baio  and  I  of  water,  CyiOs-,  |  »  o     ^^   '^ 

with   1   e>(.  of  two  different  bases,  of  which  one  is 
lly  rwlueibl',  an  oxide  of  silver,   mercury,  mid  copper, 
(he    other    may    bo  difficult  to  reduce,  soob  as  baryta, 
&e. 

fulminate-)  of  silver  and  mercury,   Cy»  Oj ,  2  As  O,  and 
2  tig   (),  ore  exaropk'ji  of  tJiu  first  class.      The  acid 

of  «ino  Cyi   Oi  )  /„  q      formerly    supposed    to    be 

fnlmintyi    uoil,  it  au  Bxamplo  uf   Uio  Moooud ;    and  till  double 


-^'  '**- 


80 


FULMINTO   ACID — ^FITLMIKATES. 


fulminates  of   copper  and  silver,    and  of  polash    and    silTer,  * 

C^i  0»  {  ,"   .-,    ond  Cyt   Oi  J  ,     f^  nre  examplus  of  the  third. 

No  neutral  fulminates  exist  with  2  eq.  of  n  difficultly  reducible  I 
oxide,  auch  as  (lotash,  soda,  baryta,  &«. :  nor  do  any  acid  fulmi- 
notes  occur  with  such  bases.  These  very  remnrkable  facta 
evidently  point  to  some  relation,  not  yet  umk-ratood,  between  j 
the  oxygen  of  the  base  in  a  salt  and  the  acid  of  that  salt.  It 
will  be  seen  that  the  hydrated  acid  u  polymeric  with  cyanio  acid, 
for  Cy.  Ot,  2  H  0  =  2  (Cy  0,  H  0). 

Lichif^  recommends  to  dissolve  3  ports  of  meroury  in  3G  part* 
of  nitric  acid,  of  Sp.  G.  1'.34,  without  heat,  in  a  large  flask, 
capable  of  containing  about  20  times  the  volume  of  tlie  ooid, 
llie  nitnius  acid  vajiours  which  arc  formed  remain  in  the  flask. 
The  solution  is  then  poured  into  another  vessel,  contuiuini^  17 
parts  of  alcohol,  and  the  mixture  at  once  returned  to  the  flask, 
where  it  is  to  be  well  agitated  with  the  red  vajtours,  which  it  in 
great  measure  absorbs. 

After  5  or  10  minutes,  bubbles  of  gas  begin  to  rise,  and  ill 
heavy,  higlily  rcfriictivc  liquid  appears  in  the  bottom  of  the  flask,  j 
This  is  mixed  with  the  rest  by  agitation,  and  after  a  short  time,  J 
the  liquid  becomes  dark  from  the  separation  of  a  little  metallic ] 
mercury.     A  very  turbulent  reaction  now  begins,  pivyig  out  thick] 
white  vapours  in  large  quantity,  with  traces  of  uitrous  vapours. 
The  action  is  now  to  be  moderated  by  the  gradual  addition  of  17  j 
ports  more  of  the  same  aloohoL     The  dork  colour  now  disappi^ars, ' 
and  the  crystals  of  the  fulminate  of  mercury  begin  to  separate. 
At  first  they  are  in  part  brought  to  tlie  surface  by  the  gas  dil-^ 
engaged,  but  the  addition  of  the  alcohol  causes  them  to  settle, 
and  the  liquid  is  cosily  decanted  from  them,  when  the  whole  is 
cold.     No  heat  is  applied  extcrnnlly  during  this  process,  which      ' 
yields  the  whole  mtrcury  in  the  form  of  fulminate,   amounting  fl 
to  4 '6  parts  from  3  of  mercury,  and  purer  than  by  the  oaoal  ' 
proeess. 

This  salt,  and  the  fulminate  of  silver,  prepared  in  the  same 
way,  are  very  dangerous  compounds,  exploding  by  slight  friction 
or  percussion,  as  well  as  when  heated,  and  sometimes  from  very 
slight  causes,  almost  spontaneously.  An  explosion  of  this  kind 
caused  the  death  of  a  distinguished  chemist,  Mr.  HenuoU,  who 
was  preparing  a  liirge  quontity  of  fulminating  mi.'rcurj",  to  be 
used  for  iH-rcuRsion  caps,  in  the  open  air.  Caustic  nlkaliea  pre- 
nipitafe  from  tl)e  solution  of  these  fulminates  half  the  metal,  forming 
double  fulminates ;  and  chlorides  also  only  precipitate  half  the 
silver.  Nitric  acid,  added  to  the  solution,  causes  a  deposit  of  acid 
fulminate  of  silver, 


CYAKURIC   ACID, 
/H   0 


SI 


•^•^•{Ag 


Cy.0.  ^^goor. 

Hrdrtichlorjo  acid  Added  to  folminate  of  sflvor,  gives  rise  to 
cliloridc    of  diver,   liydrocyimio  acid,   and  a  new  ocid, 
hydrocvonio  ocid  C»  X  CU ,  H» .     Thus — 

C.K.O.,  2AgO-t-7HCI  =  4UO-i-2AgCl  +  C!tNH-t-C>NCt,H.. 


1%  aeU 

;  ta  als 


S.  Ctahovo  Acts.     Gyt  0>,  3  H  0  =  Cjra  Oa,  H>  =  129. 

ie  aeid  diocovcred  nmong  the  products  of  tJie  distillation 

It  is  formwi  when  solid  chloride  of  cyanogen  Cyj 

on  water;  Cy,  Cli  +  0  H  0  =  3  H  CI  +  Cyj  0«,  11,. 

>  formed  when  urea  is  heated  so  as  to  expel  its  ammonia. 

Looor  lut  has  been  stated  of  the  composition  of  urea,  it 

rnu^hi  vanio  acid  when  deprived  of  its  nmmouia;  but  at 

that  tfinpertimro  3  t-q.  of  ojanio  acid,  3  (Cy  0,  H  0),  coalesce  to 

Jinmn  1  tN|.  of  ryanuric  acid,  Cys  O, ,  3  II  O.     Wlien,  again,  acetic 

■cid  is  added  to  ryBnat4>  of  potash,  in  quantity  insufficient  to 

BpoM  the  whole,  there  is  deposited  a  salt  which  is  on  acid 

ateof  potash,  Cy.O.  \^S^ 

Finally,  cyanurio  acid  is  obtained  by  dissolving  melame,  am- 
elino,  aminelide  and  melamine  (see  thu&e  Kub&tances)  in 
nhurie  acid,  and  diluting  and  boating  the  si^lution,  until  it 
■  ■ 'tate  wi til  ammonia.  On  evaporation  and  cooling, 
iflnatio  crystals,  which  aie  Cva  0»,  3  II  0+4  aq. 
•  in 111  in  hot  nitric  or  hydrochloric  acid,  it  is  deposited, 
tiuft,  in  anhydrous  octalicdrons.  When  it  has  been  pre- 
n>T  boating  urea  it  is  purified  by  dissolving  it  in  oil  of  vitriol, 
■ad  adding  nitric  acid,  drop  by  drop,  till  the  colour  is  entirely 
deatroyrd.  An  equal  bulk  of  water  in  tbc-u  added,  and,  on  cooling, 
pan  eyaniiric  iicid  is  obtained  in  crystals. 

i  huB  a  weak  acid  ta»U',  and  is  sparingly  soluble 

^l-i    "  more  soluble  in  hot  water.     Unlike  cyanic  and 

ads,  it  is  very  permivnent  in  the  uncombintd  state. 

in  oloMi  Teasels,  it  is  entirely  volatilised  in  the  form 

IB  •cid,  uf   which  3  eq.  are  exactly  equal  to  I  oq.  of 

ftttrioacid. 

ayumrio  Mid  is  fonncol  when  urea  (cyonate  of  ammonia) 
I  <WWiii|i(mid  by  beat,  and  when  cyanate  of  potass  is  acted  on  by 
•cid,  and  as  cyanurio  acid,  when  bfutcd,  is  rt>8olved  into 
ocid,  Wf  faavu  cvury  reason  to  think  that  in  the  funncr 
S  «>q».  of  cyanic  acid  oooleseo  to  fonn  onw  of  cyanurio  add  ; 
I  UmI,  in  the  latter  case,  1  i>q.  of  cyanurio  aeid  is  broken  tt|; 
i&lo  3  Ml*,  of  eyauio  acid.     3  (Cy  0,  U  O)  =  Cy>  Oi ,  ^  W  O. 
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^^      2^8. 

QpO.{^«g 

Cr>o..sMO. 

like  otlier  tribuie  icida,  ejsniine  Mid  fimn  Ume 
■alu,  acoarding  to  the  fnrmnlje : — 


QfiOi,  3B0 

Hie  Mils  iritli  1  ud  2  eqs.  of  fixed  base  ar«  aeid  ;  that  with  3 
«qt.  i>  neutral.    With  potoah  and  other  dmilar  oxidea,  only  the 
tvo  aidd  aalta  are  kiio\ni ;  with  oxide  of  direr,  the  aalta  with 
and  3  eqs.  of  oxide. 

The  three  following  aalta,  namely, 


Cjrwuta  of  SUt 
CyO,  AgO; 


PnhnlBato  ef  snrar. 


C;iO>-,  SAgO 


hare  exactlr  the  same  composition  in  100  parts ;  and  yet  they 
are  in  properties  entirely  dissimilar  ;  this  can  only  be  oeronnted 
for  by  some  such  difference  in  their  formule  as  is  exhibited 
nboTe.  The  acids  of  these  salta  are  all  mntnally  convertible : 
for  when  fulminate  of  direr  is  decomposed  by  a  salt  of  ammonia, 
the  fulminate  of  ammonia  is  transformed,  likt-  the  cyanate,  into 
urea ;  urea  when  heated  yit^lds  cyannric  acid  ;  and  cyanniio 
acid  when  distilled  is  transformed  into  cyanic  acid.  All  thcaa 
oironmstanocs  favour  the  belief  that  all  three  are  polymerio 
compounds  of  cyanogen,  although  Wuhler  considers  cyanurid- 
aoid  to  be  bibodo,  and  its  formula  to  bo  Ca  Nj  H  0« ,  2  II  0. 

Cyamolide;  CiOi  +  N  H.  (?  Bicarbimide.) 

But  Uiis  is  not  the  end  of   these  transformations;  for  when 
cyanic  acid  i«  left  to  itself  it  becomes  turbid  and  hot,  and  is  soon 
ounverted  with  great  heat,  into  an   opaque   white  solid   body, 
cynmolidc,  which  has    no  acid  properties ;   and   which   is  also 
obtained  as  a  white  insoluble  powder,  when   fused  cyanate  of  j 
potash  is  triturated  with  dried  oxalic  acid,  in  which  case  oxalate] 
of  potash  is  formed,  and  the  cyanic  acid,  at  the  moment  of  being] 
•et  free,  is  transformed  into   cyamclide.     CyameUde  is  neutral] 
and  inoolubli'  in  water  and  acids.     It  dissolves  into  aqua  pota«aa»,'| 
ammonia  iH'in^  evolved,  and  the   solution  yields  cynnurate  of 
potash,      lleatfd  by  itself  it  yields  cyanic  acid,   which   again] 
pnm<>s  into  cynmelido  ;  and  when  heated  with  strong  sulpburioj 
oeid  it  furnm  tiilplmte  of  ammonia,  while  carbonic  acid  escape*  :  I 
this  action  in  idintical  with  that  which  occurs  when  cyanio  aoid] 
is  act*'d  on  by  yeatrr  and  by  noids.     All  these  observatiuns  prov«| 
that  oyami'lidc  in  anoUicr  isomeric  inodilicsition  of  cyanic,   ful- 
minic,  or  cy anuria  acid.     It*  probable  formula  is  Ct  Oi  +  K  B, 
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Qiis,  witli   2  eqs.   11  O,  yields  bicarbonate  of  ammonia,  juat 

I  cjanio  acid,  the  furmula  of  which  is  tlie  ioine,  does.  The  action 

potadi  is  piMbably  this.    4(C«OtNU}-f-3HO  +  4KO  = 

59  0«,   I'qq  +  2K0,  C  0.+  N  a.;  that  is:  4  eqs. 

aelide,  3  eqs.  water,  and  4  eqs.  potash,  yield  1  cq.  cyanurato 
potash,  2  eqs.  carbonate  of  potash,  and  1  eq.  ammonia. 

[The  three  oxygen  acids  of  cyanogen  may  bo  fitly  compared 
^th  the  three  phosphoric  acids ;  and  as  we  have  hitherto  made 

of  the  older  view  of  these  acids,  that  which  makes  them 
oxygen  aaida,  we  shall,  in  this  comparison,  adopt  the 

r  theory,  and  speak  of  them  as  hydrogen  acids. 

MonobMle.  BlbMic  Tiibuic. 

Acids  of  Qrtaagen     .    .  Cy  Oi  ^  H        CfiO.  *  H*        C;>Oa-)-H> 
[  Adiis  of  Fbaqilioras      .POa+H        PO«-«-Ha        PO.+  U1 

1  the  eyanie  acidj,  both  the  radical  and  the  replaceable  hydrogen 
ai;  doublrd  and  trebled,  the  capacity  of  saturation  increases 
io   the  same  ratio.     In   the  phosphoric   acids,  the  capacity   of 
atinn  also  increases  with  the  replaceable  hydrogen,  but  a 
at   addition  to  the  radical   has   no  corresponding  effect   in 
sing  either  the  replaceable  hydrogen  or  the  neutralising 
rcT.    Thus,  if  to  tribasic  phosphoric  acid  P  On  +  IIj  we  add 
|e<is.  of  P  0.  =  Pi  Oio  we  obtain  P.  ()i»  +  Ha  =  3  (P  0«  +  H)  ; 
at  is,  Uie  acid  becomes  monobasic,  but  the  quantity  of  base 
"le  after  that  addition  as  before.     Notwith- 
rf,  however,  the  anologj'  between  the  monO' 
id  iriliasio  acids  of  cyanogen  and  phosphorus,  as 
,  '-rn  tbrir  salts,  is  most  interesting  and  worthy  of 
!f<T)tion.     As  '.  thiit  the  plinxphorie  acids  contain  three 

at  radical  '"  O,  and  Po«,  so  we  may  admit  that 

!  cyanii:  !>  a  distinct  radical  ;  only  in  this 

)  three  ra.;  in  composition,  and  differ  in  their 

itivw  weight :    the  Hrst  being  Ci  N  ^  Cy ;  the  second  C»  Na 
f»;    and  the  third  C«  ri»=CT»;    or,  in  other  wonls,  these 
are  cyanogens,  differing  in  molecular  constitution,   or 
r^ifferent  allutropio  or  polymeric  forms  of  cyanogen.     The 
Nations  of   chlorine   to  cyanogen,  and  the  existence  of  pora- 
cn,  countenance  this  idea. 

has  lotily  shown  that  from  the  salts  of  fulminic  acid,  by 
with  soluble  chlorides,  there  are  obtained  salts  of  a  new 
kid,  the  eom|)o»iti<in  of  which  is  the  same  as  thofof  cynnurio  acid, 
It  which  i»  monobasic.  It  is  colled  fulminuric  acid,  and  its  formula 
tCj*  U»,  3  n  0  =  Cy.  lit  Go,  no,  or  Co  U.  Ni  0.,  U  0. 
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The  fulminuraie  of  potAsh  is  got  by  boiling  fuliuinato  of 
mercury  with  water  and  cUoride  of  potassium.  Thu  fulminate 
after  a  time  dissulves,  and  subse(iueut]y  a  new  reaction  takes 
place,  yellow  hydrated  oxide  of  meroiuy  being  separated.  When 
the  liquid  has  lost  its  turbid  appearance,  and  the  oxide  has  been 
entirely  deposited,  the  whole  is  liltcred,  and  the  filtered  liquid  on 
evaporation  yields  crystals  of  fulminurate  of  potash.  There  an 
two  stages  in  the  process.  In  the  iirst,  3  eqs.  of  fulminate  of 
mercury  and  3  of  chloride  of  potassium  yield  3  of  fulminate  of 
potash  and  3  of  chloride  of  mercury.  Liebig  represents  fulminio 
acid  as  isomeric  with  cyanic  acid,  and  therefore  he  writes  fulmi' 
nata  of  mercury,  Cy  0,  Hg  0.    Now, 


3  (Cy  0,  Hg  0)  +  S  K  CT  = 
=  8  (Cy  0,  K  0)  +  8  Hg  CI. 


J 


He  also,  like  many  foreign  authors,  mokes  the  eq.  of  mcronry  100, 
nnd  iKinsequently  peroxide  of  mercury,  as  above,  Hg  O.  I  retain 
his  formulm,  because  I  think  that  this  remarkable  reaction  it  lu 
more  simply  explained  on  his  view  than  on  ours. 
In  the  seoond  stage,  2  eqs.  of  water  take  a  share,  and 

S(CyO,KO)  +  2HO  +  3Hga=3Cy02^^j-+2Ka  +  2HgO  +  HjCl 

Thot  is  to  soy,  3  eqs.  of  fulminate  of  potash  yield  1  eq.  of 
fiilminurntc  of  jjotash,  and  the  2  eqs.  of  potash  displaced  by  wstcr 
act  on  '2  eqs.  of  chloride  of  mercury  (bichloride  as  we  call  it), 


of  chloride  of  i>otassium  and  2  eqs. 


of  oxide  of  ' 
remaining 


forming  2  eqs. 

mercury,    the    third   eq.    of    chloride    of    mercury 

unchanged. 

The  fulminurates  of  soda,  ammonia,  '&c.,  are  obtained  in  tho 
tome  way,  using  the  chlorides  of  sodium  aud  amraoniuin,  He. 

The  fulminurates  crystallise  beautifully,  and  hove  a  very  higli 
dispersive  jwwer,  and  consequently  a  lustre  and  play  of  colours 
similar  to  that  of  the  diumoud.  They  are  not  explosive,  bat  ara 
decomposed  by  heat  with  a  rapidity  short  of  explosive. 

The  formula)  of  cyauuric  and  fulminuric  acids,  which  art 
isomeric,  differ  in  the  amount  of  bu&io  water  or  replaoohto 
hydrogen, 

Cjannric   seid  C<iN>0>,  SHO 

or  n>N>0«,  ill 

FolminurisuidColUNiOt,  UO 

or  C.HsN.O.,H 


« 


The  former  is  tribasio,  tlic  latter  monobasic.    The  fulminate  i 
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I  will  he  exacUf  isommc  with  the  ncid  cyanaiate  of  potash 

^1  t*i.  of  iiotaisium  and  2  of  basic  water. 

We  must  }iere  state  that  the  (rac  fonuula  of  fnlmintc  aoid  is 

till  UQccrtaui ;  fvt  while  Livbig  makva  it  Cy  0,  U  O,  the  same  a* 

ronic  acid,  many  cheniiAt«  (x>n:?id<.'r  it,  as  we  Lava  done,  to  be 

blc  of  this,  Cyi  C't ,  2  }1  0,  and  to  b«  bibaaio. 


CTiirOOEX  AJTD  KITBOeElT. 
Mdlone  =  C.<  Ni>  =  Me  =  390. 

I  oorapound  wns  discorered  bj-  Liebi<;,  and  bj  him  named 

Be,  and  its  fortnnla  was  said  to  be  Co  N»  :=  Cyi  +  N,  thai 

tq».  of  cranogen,  and  1  eij.  of  uitrogfn,  anit«d  to  form  a 

ouud  radical.     Gerbardt  luniatiiined  that  it  also  contained 

fcn,  but  Litbig  denitd  this,  as  its  compound  with  lotaHsium 

formed  from  substances  containing  no  hydrogen,  and  the 

on  of  hydrogen  found  by  anolvBis   was  both  very  small 

Tariable,    depending  on  accidental    moisture.     The   latest 

rMMrohes  of  Lirbig  have  couhnnvd  these  facts,  but  have  proved 

bat  the  true  formula  of  mollone  is  Cis   Kis  ,  that  is,  3  times  as 

ch  as  the  former  one,  witii  the  addition  of  1  eq^.  more  of  nitro- 

BO.     Kor  3  times  Co  N«  is  Ci«  Nu  .     McUone  may,  therefore, 

regarded  as  composed  cither  of  Cis  +  Ni.n ,  or  of  Cy»  +  N« .    In 

:  (urmcr  case  it  is  a  compound  of  carbon  and  nitrogen  in  most 

nuxnal  proportions,  such  aj  are  found  in  no  other  binary  com- 

In  the  latt<r  ease  it  is  a  oorapound  of  9  eq.  of  cyanogea 

4    of   nitrogen,    which    is    eijually  unprecedented.     The 

nsearcfaes  of  Liebig,  however,  leave  no  doubt  that  such  s  com- 

pouad  really  exists,  whichever  view  be  taken  of  its  constitution. 

obable  that  future  researches  will  show  that  its  constitution 

■ome  law  at  present  unknown,  and  that  we  may  learn 

ae  constitution  of  so  very  strange  a  oompouud. 

Jonc  is  not  known  in  tlie  separate  state,  at  least  not  in  a 

tly  pure  form.     But  when  sulphocyanogeu  is  decomposed 

It,  a  substance  is  lefl,  which  seems  to  be  impure  meUone,  in 

1  of  n  vellowish-grey  powder.     When  further  heated,  it  is 

LJefly  into  cyanogen  and  nitrogen  gases,  but  it  contains 

hydrogen,  which  is  expelled  in  combination  when  the 

I  applied. 

Lichig  has  shown,  however,  that  mellono  has  all  the  chemical 

vlations  of  a  compound  radical,  in  the  same  way  as  cyanogen, 

iphocyanogen,   fcrrocyanogen  or  fcrrideyanogen.     It  forms  an 

Jd  with  bydrogeo,  and  salts  with  metals. 

lUlloDO,  like  f«rridcyanogen,   is  a  tribasio  radical ;    for  the 
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hyiiromeUonio  acid  is  Cis   Nm   lis  =  MeHs,  and,  in  its  salts, 
this  hydrogen  is  partially  or  entirely  replaced  by  metola. 

As  a  radical,  we  shall  briefly  describe  it  and  its  chief  oompuonds, 
after  those  of  cyanogen. 

CYAJfOOKIf   AJTD    CTELORnrg. 

Cyanogen  forms  two  chlorides ;  one  gaseous,  but  oompretirible, 
obttducd  by  the  action  of  chlorine  gas  on  dry  hydrocyanic  acid  ; 
the  other  solid,  formed  by  a  spontaneous  traniifanuatioa  of  the 
former  when  kept  in  the  liquid  form  in  sealed  tubes.  Both  are 
volatile,  and  both  contain  cyanogen  and  clilorine,  equivalent  for 
equivalent.  But  the  vapour  of  the  solid  chloride  is  three  times 
denser  than  that  of  the  other  :  and,  moreover,  the  solid  chloride, 
in  contact  wilh  water,  produces  hydroehloric  and  cyanuric  acids : 
while  the  gaseous  chloride,  under  the  same  circumstances,  gives 
rise  to  hydrochloric  acid,  and  cyanic  acid,  the  latter,  with  water, 
at  onoe  passing  into  bicarbonate  of  ammonia,  so  that  the  final 
result  is  sal  ammoniac  and  carbonic  acid. 

These  considerations  prove  that  the  two  chlorides  are  polymcsrio: 
that  the  lirst  or  gaseous  chloride  is  Cy  CI :  and  that  the  solid 
chloride  is  Cys  Ch,  and  is  formed  by  tlio  junction  into  one  group 
of  3  eq.  of  the  othex;  and  we  ate  consequently  justitiod  in 
extending  this  view  to  cyanic  and  cyanuric  acids,  and  in  rap- 
posing  the  vapour  of  tlio  latter  to  be  three  times  more  oondeusod 
than  the  vai>our  of  cyanic  acid :  and  the  cyanogen  of  cy&norio 
acid  to  be  the  cyanogen  of  the  solid  chloride,  and  three  time* 
denser  than  ordinary  cyanogen. 

CTAKOOEW  WITH  BEOVnrS  AWD  lOSIKX. 

"With  these  elements  cyanogen  readily  combines  when  cyanid* 
of  mercury  is  distilled  with  bromine  or  iodine.  The  bnimide 
and  iodide  are  both  volatile,  and  orystallisable,  pungent,  and 
poisonous. 

To  judge  by  the  density  of  their  vapours,  these  oompounds  are 
Cy  Br  and  Cy  I,  corrc«iKinding  to  the  liquid  chloride,  which  is 
also  very  pungent  and  irritating  to  the  eyes. 


CTAlf00E5  AST)  STTLPHTH. 

Bisolpbuivt  of  Cjraiiogen.     Cj  8<  ^  S8. 

Wlien  Eulphocyanido  of  potassium  (see  that  salt)  is  acted  on 
by  chlorine  or  by  dilute  nitric  acid,  there  is  obtained  an  orongr- 
yellow  powder,  which  contains  sulphur  and  cyanogen,  and  whioh 
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»to  be  bisulphurct  of  cyanogen,  by  others  to 
This  question  will  be  considered  heron  Iter ; 
etki^r  thU  be  lo  or  not,  there  is  a  compound,  possibly  that 
tad,  of  Bulphur  and  oyanogco,  whiuh  acts  as  a  radical,  and 
i*  hence  oaJloi  sulphooyanogen.  It  will  bo  described  separately, 
unoe  it  is  far  more  important  as  a  radical  than  as  a  compound 
of  oysoogea. 

CTAJfOGES  AXD   METALS. 

yWtth  metals,  cyanogen  forms  compounds  which  in  many  cases 
nlogous  to  the  chlorides  of  the  same  mctul.  When  tha 
!  is  cosily  reducible,  such  as  silver,  meruury,  or  palladium, 
be  cyanide  is  formed  by  the  action  of  hydiucjanic  acid  on  the 
or  iU  salU ;  M  0  +  II  Cy  =  II  0  +  M  C:y.  In  the  case 
Scultlr  reducible  metals,  such  aa  potassium,  hydrocyanic  add 
lie  with  the  oxide,  not  being  able  to  reduce  it,  until 
u  added,  which  tends  to  form  a  double  cyanide. 
1  i.'J  I'otaasium,  =  K  Cy  is  best  formed  by  hiatiug  to 

close  vessels  the  ferrocyanide  of  poliissium,  a  salt 

h'laay  bo  \-icwod  us  coutiiining  cyanide  uf  iron  and  cyanide 
jntaaaium.     The  former  is  converted  into  insoluble  carburet 
r  iron  ;  the  latter  remains  unchanged,  and  may  be  mechanically 
.  out,  or  dissolved  in  hot  aluuhol  of  00  p.  c,  which  deposits 
kcooling.     l)r,  on  alcohoUc  solution  of  pure  and  dry  hydro- 
I  acid  ia  added  to  an  oleuholiu  solution  of  potash  :  or,  lastly, 
lie  ♦aiK.um  of  hydrocyanic  acid,  formed  on  the  process  given  at 
71,  ;ue  conducted  into  an  alcoholic  solution  of  potash,  kept 
i,  when  the  salt  is  deposited. 

Jt  ia  white,  and  orystollisable  in  cubes.     It  Las  no  smoU  when 

V,  but  when  exposed  to  moist  air,  smells  of  hydrocyanic  acid, 

Jt  b  YtT)-  poisonous.     When  heated,  it  fuses  easily,  and  is  not 

llcttd  1^  beat  in  close  vessels,     lleated  in  the  air,  it  absorbs 

I,  and  in  oouverted  into  eyanate  of  potash  K  Cy  -f-  0>  =: 

\Cy  (I.     It  is  vury  soluble  and  deliquescent,  and  its  solution, 

t  carbonio  acid  from  the  air,  gives  oli°  hydruoyauio  acid  : 

bgIL 

I  of  Sodium  ia  analogous  to  the  preceding  salt. 
(^amtdt  <if  Zinc,  Zn  Cy,  ia  obtained  by  adding  liydrooyaaio 
to  aoctftt*  of  sine.     It  ia  a  snow-white  insoluble  powder, 
■rhieh  it  used  in  mvdioino. 

tmd*  (/  /roM.— I'rotocyanido  of  iron,  Fe  Cy,  has  not  been 

Tlic-ru  apiKiors  to  exist    a    jiercyauide,   also  not  yet 

kohtcd,  Fe>  C'y>;  and,  Moordiug  to  relonre,  thtro  may  Ins 
obtaioMi  an  intermediate  oyanido,  Fe*  Cy«,  analogous  to  tbu 
Wigiwtic  oxide  of  iiuu,  m  a  grcon  powder. 
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But  although  the  oynnides  of  iron  bto  little  known, 
oro  some  vctv  important  oompojinds,  especially  those  of 
mdionls,  whirh  contain  those  elements,  namely,  cyanogen  and 
iron,  along  with  hydrogen,  and  with  mctaLs.  Tlieso  will  be 
described  after  we  hare  gone  over  the  simple  cyanides  of  the 
metals. 

Ci/aniJe  of  Cobalt,  Co  Cy,  is  obtained  as  a  brownish- white 
precipitate,  by  adding  hydrocyanic  acid  to  the  acetate  of  cobalt, 
Cobalt  also  forms  oomj>oiind3  analogous  to  those  of  iron  aboTe 
allndcd  to,  with  cyanogen,  &o. 

Bicyanide  of  Mercury,  Hg  Cyi ,  is  easily  obtained  by  dissolving 
red  oxide  of  mercury  in  very  dilute  hydrocyanic  acid,  till  the 
smell  of  the  acid  is  desti-oyed.  The  liquid,  rendered  neutnl, 
if  necessary,  by  a  few  drops  of  hydrocyanic  acid,  yields  fine 
crystals,  on  evaporation  and  cooling.  Or  it  may  be  made  by 
the  action  of  three  ports  of  persulphate  of  mercury  on  two 
of  ferroeyanide  of  potassium  dissolved  in  fifteen  of  hot  w»t«r, 
which  is  boiled  and  filtered,  and  the  filtered  liquid  on  oooling 
deposits  the  bicyanido. 

It  forms  regular  prismatic  crystals,  permanent  in  the  air,  of  a 
horrible  metallic  taste,  soluble  in  water  and  alcohol.  It  is  used 
fur  making  cyanogen,  also  to  prepare  hydrocyanic  acid  by  o&e 
prociss,  and  to  yield  the  bromide  and  iodide  of  cyanogen. 

Cyanide  of  Sihcr,  Ag  Cy. — Formed  by  the  action  of  hydro- 
cyanic acid  or  cyanide  of  potassium  on  nitrate  of  silver.  It  is 
exoctly  similar  to  the  chloride,  white,  curdy,  insoluble  in  water 
or  acids,  soluble  in  ammonia.  It  is  decomposed  by  hydro- 
chloric acid,  yielding  hydrocyanic  acid. 

Cyanide  of  Palladium,  Pd  Cy. — The  affinity  of  cyanogen  for 
palladium  is  most  powerful,  and  hydrocyanic  acid,  or  a  soluble 
cyanide,  when  added  to  a  salt  of  oxide  of  palladium,  precipitat«a 
the  cyanide  as  a  grey  powder.  This  property  serves  for 
separating  palladium  from  other  metals. 

Cyanides  of  Gold. — The  protooyanide,  An  Cy,  is  formed  by 
adding  oyanide  of  potassium  in  excess  to  protochlorido  of  gold, 
till  a  clear  solution  is  formed,  and  then  adding  hydroohlurio  acid, 
which  precipitates  tlie  protooyanide  as  a  bright  yellow  powder, 
very  permanent,  and  soluble  in  oyanide  of  potassium. 

Tho  tercyanide,  Au  Cyi,  is  formed  by  the  action  of  cyanide 
of  potassium  on  terohloride  of  gold,  and  appears  as  whitish- 
yellow  precipitate,  soluble  in  cyanide  of  poUusiam,  insoluble 
in  acids. 

DOUKLS  crAiriDKS  OP  TBB  VBTAU. 

^e  insoluble  metoUio  oyanides,  such  as  those  of  iron,  cobalt, 


I 
I 
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FKEEOCTAJfOOEIf, 

ITer,  gold,  platinnm,  and  otheru,  disisolrc  readily   in 

of  potassium,  or  sodium,   formin«:  crystalli-<nhIo  double 

ch   are  not  aifecU'd  hy  soluble   (  nor   by 

it  are  generally  dvconipcoed  by  n'  i'  li   pr»» 

I  lb*  insoluble  cyanide.     If  thcso  double  cyanide*,  which 

I  2  K  Cy  +  m  Cy  (m  Cy  being  au  insoluble  metallic  cyanide) 

an  added  to  tLe  solation  of  the  oxide  of  another  metal,  forming 

tlao  Ml  isaolnble  cyanide,  this  latter  metal  lakes  the  place  of  the 

pctowinm,  and  a  new  double  insoluble  cyanide  is   the  restdt. 

bos  (2  K  Cy  +  m  Cy)  +  2  M  0  =  2  K  0  +  (2  M  Cy  +  m  Cy). 

lero  m  may  be  iron,  and  M  copper  or  lead.)  Now,  as  these  double 

f  anidu*,  thus  prccipitaU'd,  are  of  various  and  often  charuoteristie 

bloors,  the  fcrrooyanide  of  potassium,   2  K  Cy  +  Fo  Cy,  is 

ttcuEiTely  used  as  a  test  for  metals. 

The  {irutacyanidc  of  iron,  the  peroyanide  of  iron,  the  peroyanid« 
and  perhaps  some  others,  not  only  form  double  salts 
'.  mvllls  of  cyanide  of  potassium,  but  also  produce  very 
■ .,  by  oombining  with  the  elements  of  hydrocyanic 
u  hydrogen  replacing  the  potassium  of  the  double 
cyanic  acid  is  2  H  Cy  +  Fe  Cy,  and  so  on.  In 
tiie  hydrocyanic  acid  is  no  longer  poisonous,  and 
it  is  therelorc  highly  probable  tiiat  these  acids,  and  their  corre- 
sponding salts,  really  contain  new  and  very  peculiar  radivals.  The 
■jBsamption  of  these  radicals  will  alone  enable  us  to  classify  or 
wanwnber  tiiese  compoiuids. 


IV.  PBE»ocTi»oonr.     Cy>Fe  =  Cfjr  =  106. 

MBtnoc,  then,  tlio  existence  of  this  radical  as  the  basis  o{ 

yanide  of  potassium,  or  prussiate  of  potash.     It  is  bibasic, 

lining  \rith  2  eq.  of  hydrogen  or  of  metals.     The  following 

til«<   express   the    comixisition    of    ferrocyanio  acid  and  of 

of  potaasiom,  &c. 

'Add  =   Cfy,    H.=   Cy.??,  H.=  2HCy  +  FeCj. 

9«cnx7aiud*  of  PotiuaiuiD  =   Cfv,   K.=   Cj^  Pe.  K.  =  2  K  Cy  +  Ke  Cy. 
Iruo         =  8 Cfy,  Pe.=  3Cyi F^Ke«=  9  Cy  +  7  P«. 

It  will  be  seen,  by  the  two  first   compounds,  that  we   may 

aider  them   either  as  compounds   of    the   radical   Cfy   with 

rogcn  or  metals,  or  as  double  cyanides.     In  the  third,  which 

I  the  formula  of  prus^ian  blue,  we  sec  that  the  iron  exists  in  two 

SVf  in  one  of  which  it  cannot  be  detected  by  the  usual 

!ii  is  the  radical  Cfy,  which  exists  also  iu  the  two 

prcccdiug  ouuipuunds. 
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Ferroeyanic  Acid.     Ct^,  Hj  =  108. 

This  very  interesting  oompoand  is  obtained  by  mixing  a 
saturated  solution  of  ferrocyonidc  of  potassium  n'ith  oue  quarter 
its  volume  of  strong  hydrochloric  acid,  ond  agitating  the  mixturs 
witli  half  its  bulk  of  pure  ether ;  the  ether  rises  to  the  surface, 
carrying  with  it,  suspended,  a  whit«  crystalline  substance,  which, 
when  washed  with  etlicr  and  dried,  is  ferroeyanic  acid.  It  is 
soluble  iu  water  and  alcohol,  has  a  decidedly  acid  tosta  and 
reaction,  and  decomposes  the  alkaline  carbonates,  forming,  with 
carbonate  of  potash,  the  ferrocyauide  of  potassium.  The  pro- 
duction of  tltis  compound  by  the  action  of  hydrochloric  oiad  ua 
ferrocyauide  of  potassium  is  very  easily  explained.  Cfy,  K«  + 
2  U  CI  =  Cfy,  H,  +  2  K  a. 

Although  tliis  compound  may  be  represented  as  a  combination 
of  cyanide  of  iron  with  hydrocyanic  acid,  Fe  Cy  -f  2  U  Cy,  thers 
is  every  reason  to  believe  that  it  contains  no  hydrocyanio  acid, 
as  such.  For  not  only  is  it  for  more  strongly  acid,  (and  proto- 
cyanido  of  iron  cannot  be  supposed  to  give  acid  projjcrties  to 
hydrooyanio  acid,)  but  it  is  totally  destitute  of  all  poisonous 
pro|>ertie$,  and  both  it  and  its  salts  may  be  taken  internally 
without  further  eilect  than  the  laxative  action  common  to  most 
ncutxal  salts. 

Ferroeyanic  acid,  being  bibosic,  forms  two  kinds  of  salts :  ia  ^M 
the    iirst    the   2   eq.   of    hydrogen    are    replaced    by   2  eq.   ot^M 
potas»ium,   sodium,  &c, ;    in  the  second,  they  are   reiilaced   by 
equivalents  of  two  diiferent    metals:     such   as  ixttossium  and 
barium.     An  example  of  the  tirst  class  is,  Cfy  +  ^  r    o^  ^o 

second  Cfy   j  i.       Of   all   these    compounds,   by  far    the  most 

important  is  the  ferrocyauide  of  potassium,  or  prussiate  of  potash, 
from  which  all  the  oompouuds  of  cyanogen  may  be  preporwl, 
and  which  is  manufactured  un  the  large  scale,  buing  alto  used  ia 
the  arts. 

Ferrocyanide  of  Polonium.  SvN.  Prussiate  of  Potash.  An-! 
hydrous,  Cly  K.,  184-4.  Crystallised,  it  is  Cfy,  Ki-f  3110  = 
211 -4. — This  valuable  salt  is  prepared  by  fusing  animal  matter, 
such  as  dried  blood,  hoofs,  hair,  horns,  &o.,  or  the  animal 
charcoal  remaining  after  such  matters  have  been  distilled  to 
obtain  carbonate  of  ammonia,  with  {lotashes  or  pearlush,  in  iron 
vessels,  as  long  as  gas  is  disengaged.  The  melt4.>d  mass  ia  thea 
withdrawn  from  the  tire,  and  when  cold,  lixiviatt'd  with  water, 
the  solution  digested  with  the  insoluble  part,  ttltcred  and 
evaporated,  when  it  deposits,  on  cooling,  yellow  crystals ;  whioh 
by  a  second  solution  and  crystallisation  become  quite  pun. 


« 
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n»  eMcntul  pointa  of  this  process  arc,  fint,  the  preaCDce  of 
M  mnth  nitrogen  as  possible  in  the  animiil  mutter :  lienco  fresh, 
(tried,  nncalnincd  animal  matter  is  far  preferable  to  animal 
ebarcKMl :  ■eoundly,  the  presence  of  metallic  iron  or  sulpliuret  of 
irao:  the  former  is  oitier  directly  derived  from  the  vessels, 
which  »re  rapidly  corroded,  or  added  as  filings ;  the  latter  ia 
im  the  iron  of  the  vessels  by  the  action  of  bisulphitret 
m,  which  arises  from  the  decomposition,  by  charcoal  at 
t,  of  the  sulphate  of  potash  oonlaini'd  in  the  putatihes  or 
;  btnco  pun'  carbonate  of  potash  is  not  adapted  to  tliis 
Thirdly,  the  exclusion  of  the  air  as  far  as  lK>s^ibk', 
to  prevent  the  oxidation  and  destruction  of  the  cyanide 
'4f  poUMttm  formed. 

The  cxnUiintion  of  the  process  is  very  simple  and  beautiful,  and 
J  for  it  to  the  reseorohcs  of  Liebig.     Wlien  aiiimal 
t:  'd  along  with  potash,   cyanogen  is  formed,   and 

U  the  |>utAs!)ium  (set  free  at  the  same  time  by  tiio 
■on  on  potash)  produces  cyanide  of  potassium,  a  salt 
wbicb  is  not  decomposed  by  a  i-ed  heat  in  closed  vessels.  At  the 
Mine  time  metallic  iron  and  sulphuret  of  iron  arc  present  in  tho 
mixture,  but  not  a  trace  of  the  ferrocyanide,  previous  to  the 
aetioii  of  water,  for  the  very  obvious  reason,  that  the  ferrocyanide 
is  dccvmposed  by  a  red  heat,  into  cyanide  of  potassium  and 
oarl"  ■        n,  nitrogen  being  dibi'ugaged. 

I:  1  mass  be  now  digested  in  water,  the  cyanide  of 

pot.:  olves  either  the  metuilio  iron  w-ith  disengagement 

bf  i  I  the  sulphuret  of  iron,  and  the  lUtt-red  liijuid  now 

com  rrocyanide. 

1).      .  riminta  have   shown  that  cyonidc  of  potassium 

tiiiitr  iron,  oxide  of  iron,  or  sulphuret  of  iron,   pro- 
ferrocyanide ;   3  K  Cy  -f  Ke  +  II  0  =  (2  K  Cy  + 
f  Te  Cy)  +   K  0  +  H.     (»r,  .1  K  Cy  +  Fo  8  =  (2  K  Cy  +  Fe  Cy) 
■  Jv  t^.     And  it  has  also  bc4.'n  shown  by  Licbig  that  if  tho  fused 
b«  lixiviated  with  alcohol,  tho  residue,  when  treated  with 
s  i.  1t]i  no  ferrocyanide,  while  the  alcohol  contains  none,  but 
[<illlv  t  potasaium. 

'li.-.,.-  ...■  .c  facts  iuto  consideration,  perhaps  th»  best  method 

J  wuold  b*;  to  use  pore  carbonate  of  potash,  free  from  iulphute,  by 

I  which  means  no  solphurul  of  potassium  would  be  formed,  and  the 

I  iron  Tcwels  would  not  suffer  an  they  now  do.     The  cyanide   of 

}iutA««(Ui>,  being  dissolved  in  water  and  (illered,  should  th«i  bo 

jiU««l  in  ontuot  with  inm  turnings  in  flat  ojh'U  vessels,  when  the 

,  part  »f  thn  potassium  being  oxidised  by  tho  air,  the  iron  is 

Djr  dikMilved,  and  a  quantity  of  ferrocyanide  obtained  visual 

,  indicated  by  the  cyanide  of  iHitoasiuto  present. 
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It  appears  from  the  researches  of  Runge,  that  whDe  the 
ceding  theory  of  the  formation  of  this  salt  is  true  of  what  takes 
place  in  experiments  on  the  small  scale,  yet  when  it  is  mantt- 
fiictured  on  a  large  scale,  different  results  are  ohtalned.  If  iroa 
be  added  to  the  materials  before  ignition,  llunge  finds  that  tko 
ignited  mass  does  not  yield  to  alcohol  any  cyanide  of  putaiiUum, 
and  that  the  insoluble  residue  contains  ferrocyanide  ready-formed, 
irhioh  is  curious,  since  we  know  that  a  strong  red  beat  de- 
oomposcs  it. 

The  contradiction  between  the  results  of  Runge  and  those  of 
Liebig  must  depend  partly  on  the  influence  of  the  larger  moss  in 
Range's  case,  but  chiefly,  no  doubt,  on  the  temperature  employed. 

It  is  stated  by  Eunge  that  when  the  ignited  moss  is  dissolved  in 
iron  Teasels,  the  Tessels  are  not  attacked,  because  the  ferrocyanide 
already  exists ;  but  it  is  a  well-known  fact,  that  when  animal 
matter  is  calcined  with  potash,  the  mass  dissolved  in  water  in  iron 
Teasels,  rapidly  corrodes  them  with  diseogagemeut  uf  hydrogen, 
while  the  ferrocyanide  is  formed  from  the  oyanide  of  |>ota^iuffl. 

The  ferrocyanide  of  jntassium  forms  large  honey-yellow,  trmns- 
parent,  flat,  quadrangular  prisms,  derived  from  a  rhombic  octa- 
hedron. It  is  very  soluble  in  water,  and  forms  preci|)ilates  in 
almost  all  metallic  solutions,  many  of  which  are  characteristic 
Thus,  with  solutions  of  zinc  and  lead,  it  gives  a  white  precipitate, 
with  tliosc  of  copper  a  chestnut  brown,  with  tliose  of  i>troiide  of 
iron  a  deep  blue,  with  protoxide  of  iron  a  pale  blue,  with  those  of 
barium  and  calcium  whitish-yellow  crystalline  precipitates.  The 
lead  precipitate  is  Cfy,  Pbi;  that  of  copiier  Cfy,  Cm;  those  of 
barium  and  calcium 

K   ._:,  ^,_   (  K^     ^j  ^^^^  ^f  ^^^  2  Cfy  +   I  k"*  +  s 

'  ^  +  6  aq.    That  of  protoxide  of  iraa 

;  ■-*.    All  of  these  fonnnla 

are  easily  referred  to  the  general  formula  of  the  ferrocyanide*, 
C/y,  Ml. 

Ferroryanide  of  Iron. — But  the  most  remarkable  of  all  these 
compounds  is  that  formed  with  pcrsolts  of  iron,  namely  iirussian 
blue.  It  is  produced  when  ferrocyanide  of  potassi\im  comes  in 
contact  with  perchloride,  or  any  salt  of  peroxide  of  iron.  Now 
as  fcrrocyanogca  is  a  bibasio  radical,  1  eq.  of  it  oorres]>onds  to 
2  eq.  of  potassium,  hydrogen,  oxygen,  chlorine,  &o.  ;  and  a« 
perchloride  of  iron,  Fe<  CU,  contains  3  eq.  of  chloriue,  1|  eq.  of  ^ 
ferrocyanide  of  potassium  will  bo  required  to  decompose  1  oj,  ^ 
of  it,  or,  to  avoid  fractions,  3  cq.  of  ferrocyanide  Cfy»  Ks  =  S  (Cfj, 


Cfy  {f„  and  Cfy  j 
aq  =  Cfy,  Zn.  -(-  Cfy 
is  a  Cfy    {  J"=Cfy,Fe.-|-Cfy    jj 


I 
I 
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Kxpiuvd  for  2  eq.  perchloride  of  icon,  2  I'"ca  Cla  =  Fc» 
The  n^ult  is,  Cr_v>  K.  +  Fe*  Clo  =  f!  K  CI  +  Cfy»  Fe*  ; 
"bis  last  is  the  true  formula  of  prusbiiin  blue,  although, 
►  its  tendency  to  combine  both  with  ferrocyanide  of  potassium 
tai  with  oxide  of  iron,  its  analysis  olfers  great  diflioulties.  The 
twmvia  C'fys  Fe.or  Fe«Cfy-s  shon-fc  that  prussian  blue  corresponds 
to  peroxide  and  i>£rch]oride  (sesquioxido  and  sesijuicliluride)  of 
iron,  Fe»  Oi  and  Fej  Cla ,  for  Cfy  l>eing  bibaaio  is  e(|uivalent  to 
'  '  r  (>, ,  and  consequently  Fe,  Cfva  is  equivalent  to  F<u  CU  or 
i  L.  I ). ,  titst  is,  to  2  Fej  els  and  2  Fe,  O3.  It  must  be  admitted 
to  b«  a  rvTj  strong  argument  in  favour  of  the  existence  of  ferro- 
,cr-,,t,,i.r.  n  B8  a  bibasic  radical,  according  to  the  theory  of  Liebig, 
in  blue,  in  all  other  theories  tbo  most  complex  and 
,.„„  compound  in  the  whole  range  of  chemistry,  becomes 
ata  Bflrnud  and  one  of  a  scries. 

2 
If  «•  mmke  fe =-t-  of  Fei  then  pruasian  hlno  may  be  represented 

'  .   Cfv  fe,  =  Fe  C-y,  2  fe  Cy  just  as  ferrocyanide  of 
• ,  k,  =  Fe  Cy  4-  K  Cy.     Sow  tiiere  is  reason  to 
kc  *li.it   iri'B  exists  with  the  two  difforont  atomic  weights 
.byFe  =  28  andfe=I8C6.    This  m<w   simplifies  slill 
Bon  tba   formula  of  prussian  blue,  and  shows  that  it  is  a  salt 
of  Uia  ■ante  type  as  the  ferrocyanide  of  potassium. 

PMiae^mBidt  of  potassium  is  employed  to  yield  cyanogen  and 
•D  it*  mnpoands.  We  hnvn  nln-ndy  seen  how  cyanogen,  liydro- 
ajttiie  acid,  cyanide  of  potassium,  cyanatt'  of  potash,  urea,  cyanic 
ud  <7%niiric  acids,  and  ft'rrocynuio  acid  are  ol>(aitit'd  from  it. 
Craniilo  of  potassium,  for  to9tin<^,  and  to  be  used  us  a  tlux  and 
is  analynis,  is  best  prepared,  according  to  Liebig,  by  heating 
8  porta  of  the  dry  ferrocyanide  with  3  of  pure  carbonate  of 
poiaih  in  an  iron  vessel  till  the  fused  moss  is  colourless.  It  is 
than  pourtxl  off  from  tho  sponge  of  reduced  iron,  and  keiit  in  well- 
tt^ip«r»d  bottles.  Tlie  reaction  is  as  follows  (representing  the 
""  nidc,  for  convenience,  as  a  double  cyanide  of  iron  and 

11) ;  2(F»  Cy,  2  K  Cy)  +  2  (K  0,  C  0.)  =  Fe,  -f  S  K  Cy 
),  Cy  0  +  2  C  Oi.    Hence  tho  resulting  salt  contains  1  eq. 
syaaatc  of  potash  to  5  oq,  cyanide  of  potassium.     I1iis  very  useful 
preparation,  known  as  Licbig's  cyanide  of  potassium,  is  not  quits 
pun,  containing  cyanatc  of  {Mtash ;  but  this  does  not  inter&i« 

■.(Ty  romarVable  compound  is  produced  by  the  action 

•  1  ' !  i  riiio  gas  on  tile  solution  of  ferrocyanide,  if 
:;j;i^..  I'l  i.iiM  iliv  solution  ceiMcs  to  produco  Prussian  blua 
with  (itrcliluridu  of  iron,  yielding  only  «  brownish-green  colour, 
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but  no  precipitate.  The  liquid  now  gives,  on  evaporation,  beau- 
tiful deep  hyacinth -red  crystaU  of  a  new  salt,  the  fvrridcyiinidii 
of  potussium,  discovered  by  Omelin.  This  salt  oontaiiu  a  new 
radical,  ferridcyanogon. 

V.  FaiuuDciAKOorif.     Cy«Pei=rCfd/  =  2ia. 

This  radical  has  not  yet  been  isolated.  It  is  formed  by  the 
coak-Bcence  of  2  cq.  of  ferrocyanogen,  and  is  tribaaio.  It  fonu 
an  acid  with  hydrogen,  and  salts  witli  metals, 

Kerridcyanio  Add,  (Cy.  Pei )  +  H.  =  (2  Cfy  +  Hi )  =  Cfdy,  H.  =  215. 

This  acid  is  obtained  from  the  lead  salt  Cfdy,  Pb»,  by 
the  action  of  sulphuric  acid.  It  is  soluble  in  water,  and 
by  the  action  of  sulphuretted  hydrogen,  is  converted  into 
fcrrocynnio  acid :  2  Cfy,  H»  +  H  8  =  2  (Cfy,  H.)  +  S.  With 
bases  it  forms  salts;  as  with,  potash  the  ferridcyanide  of 
potassium. 

Ferriihyanide  of  Potassium.  Sts.  Red  prussiate  of  potash. — 
Its  preparation  has  been  described  above.  Its  formula  is  2  Ch' 
+  Ks  =  Cfdy,  K» ;  and  it  is  quite  anhydrous.  Like  the  yellow 
prussiate,  it  forms  precipitates  with  most  motallio  solutioas,  _ 
many  of  which  are  characteristic.  With  salts  of  peroxide  or  I 
■with  pcrchloride  of  iron,  it  only  strikes  a  brown  or  green  colour, 
but  with  protoohloride  or  salts  of  protoxide,  it  forms  prus&ion 
blue.  As  the  radical  is  tribosic,  1  eq.  of  it  ought  to  bo  equiva- 
lent to  3  eq.  of  oxygen,  chlorine,  &o.,  aud  if  we  suppose  the 
potassium  in  the  ferridcyanide  replaced  by  its  equivalent  of  iron, 
we  should  have  Cfdy,  Fe»  =  Fe»  Cy«  ;  for  Kj  Cfyi  -(-  3  Fe  0  ^ 
Fe.  Cfyi  -(-  3  K  0  ;  and  Fe.  Cfyi  =  Fe»  Cy«.  But,  instead  of 
this  oom|>ound,  there  is  formed  prussion  blue,  the  same  we  havo' 
above  described  as  being  formed  by  the  action  of  yellow  pnissioto 
on  peroxide  of  iron.  In  fact,  when  the  rod  prussiut«  is  added  to 
a  sohition  of  a  salt  of  protoxide,  or  to  protochloride  of  irc)n,  yellow 
prussiate  is  formed  along  with  prussinn  blue  and  a  salt  of  potash. 
Bearing  in  mind,  as  in  all  the  above  explanations,  that  t  eq. 
ferridoyanogen  Cfdy  is  equal  to  2  cq.  fcrrocyanogen  Cfy,  and 
Ihot,  consequently,  the  red  prussiate,  Cfdy,  Ki  moy  b«'  equally 
well  rcprvsented  as  2  Cfv,  Ka ,  then  we  have  2  (2  Cfy,  K» )  +  4 
(Fe  0,  8  0.)  =  (3  Cfy  +'  Fe«)  +  (Cfy,  K.)  +  4  (K  0,  S  O.). 

Tlie  ferrideyuoide  of  potassium  may  be  viewed  as  ferrocyaoid* 
of  potassium,  jiliu  a  certain  amount  of  ferrooyanog«n ;  2  (Cfdy,  Ks  ) 
=  3(Cfy,  K.)  +  Cfy. 

With  suits  of  lead,  ferridcyanide  of  potassium  forms  the  f«strid- 
oyanide  of  lead,  Cfdy,  Pbi.  ' 
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some,  the  compound  Cfdy,  Ta  is  really  fanned, 
1(iud  of  Prussian  blue.  They  represent  it  as  a 
■  3  Fe  C'y  +  3  fe  Cy. 
It  ia  probable  that  this  is  tho  compound  which  is  known  as 
Tvrabull's  blue.  Bat,  ai  we  have  seen,  in  certain  ciroumstonoes 
ordinary  prossian  blue  may  be  obtained  by  the  action  of  the  ierrid- 
ejraaiile  on  salts  of  iron. 

Wben  hydrocyanic  acid  is  prepared  from  the  ferrooyanide  by 
dfloted  sulphwic  acid,  a  white  salt  separates,  which  is  Cy>  Fei  E 

:  Cfy  j  jr*.     This,  by  nitric  acid  and  other  ordinary  agents,  is 

arerti>d  into  another  deep  blue  salt,  which  is  derived  from  2  eqs. 
tk*  wUte  salt  by  the  loss  of  1  eq.  of  ])otas^dum,  just  as  the 
brridcyanide  is  from  the  ferrocyanide.  2  Cy«  Fet  K  =  Cyu  Fe4  K« , 
ad  I  eq.  K  being  removed  by  the  action  of  air,  chlorine,  or 
■itriv  acid,  there  is  left  the  blue  compound  CyoFc4K,  which  is 

:Ctij    jr     >  ,  a  ferridcyanide  of  iron  and  potassium. 

t  bine  salt,  heated  with  a  solution  of  the  ferrocyanide  of 
yields  the  ferridcyanide  of  potassium,  and  the  white 
■alt  froB  which  the  blue  one  was  obtained.  This  is  the  best  pro- 
etm  for  makiny  the  ferridcyanide,  because  the  product  is  very 
par»,  and  tbe  white  salt  can  be  again  oxidised  into  blue  salt,  and 
^i«  a([ain  used  any  number  of  times. 
N^m-pruMidn. —  When  the  ferrocyanide,  or  ferridcyanide,  of 
1  i*  acted  on  by  nitric  acid  a  new  auid  is  formed,  which 
with  bases,  forming  salts,  colled  by  Playfoir,  who 
SiacmtttA  them,  nitro-prussides.  The  reaction  is  very  oompli- 
••led.  The  new  sult«,  when  soluble,  form  beautiful  ruby-red 
Ji,  as  is  the  Ciixe  with  tlioM  of  |>otassium  and  sodium.  I'he 
loble  aaltji  have  various  colours.  Plnyfair  deduced  from  his 
Jycis  the  complicated  formula  Fe»Cyu,  3  N  O,  Nas  +  10  H  0 
'  the  loits  of  sodium.  Kut  lie  also  suggested  that  it  might 
ily  be  simpler,  Fe>  Cy»,  N  0,  Nat +  4  H  0.  Kyd  has 
tlie  latter  to  be  the  more  correct.  Wo  may  compare 
aalta  (M  standing;  for  any  metal)  with  the  ftrrooyanidea 
aad  fefridryanidcs,  as  follows,  if  we  double  the  formula  of  tha 
fozoojraaidc* : 

Fai  Cjr»'     +  Mi  ^  Perrofy»niit"-«. 
V«i  Cy*      4  Ms=  Perridoranulc*. 


Pes  Jl  V  -f  Ki:=Nitro-prasaida 


Witli  ccuatle   potash,  the  nitro-prusside  of  potaatium  yields 
BMr  tall,  aa  a  yallow  oiTataUin*  powdar.      Its  formula  i« 
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probably  Fe»  Cy»,  N  0,  Ki  +  2  K  0  +  4  H  0.  Witb  milph 
sodium,  the  nilro-iirusside  of  sodium  forms  a  new  com]>oui]d, 
which  dissolves  la  water  with  a  epleodid  purple  eolour,  which 
seems  to  be  Yet  Cy» ,  N  O,  Noi  -)-  Na  S  +  3  H  O.  Tlicsr  sing^ilar 
comjxmnds,  in  which  we  see  protoxido  of  nitrogtn  replnciiii; 
oyonogpn,  and  sulphuret  of  sodium  replacing  water,  oannol  bt 
regarded  aa  fully  understood.  They  are  therefore  merely  notio«<i, 
and  the  reader  is  referred  for  details  to  Dr.  Playfair's  fapw 
the  "  Philosophical  Transactions." 


VI.  COBALTOOTASOOBH.     C;a  Cot^  Ck7  =  2I-(, 


^^^1 


Not  yet  isolated,  but  known  in  combination  with  hydrogen, 
potassium,  &o.  It  is  analogous  to  forridcyauogen  in  constitution, 
and  like  it,  is  tribosio. 

Cobaltwyanic  acid,  Cky  Hs=  219'62. — Obtained  by  tlio  octioB 
of  Gulphurio  acid  on  oobaltocyanide  of  lead,  Cky,  Pbs .  It  fonni 
silky  filaments,  which  are  deliquescent  and  strongly  acid. 

Cuballoci/anide  of  Potatsium,  Cky  K. — Is  obtained  by  acting  I 
on  a  salt  of  oxide  of  cobalt  with  solution  of  cyanide  of  potassiun  I 
and  hydrocyanic  acid,  when  hydrogen  is  given  off  and  the  new  ] 
salt  w  obtained  in  crystals.     The  protocyanide  of  cobalt,  preci- 
pitatvd  on  the  first  addition  of  cyanide  of  potassium  redissolvcs  i 
in  an  excess  of  that  salt,  forming  a  compound  2  Co  Cy  -)-  K  Cr, 
or  2  Co  Cy  +  3  K  Cy.     At  all  events  there  is  enough  of  cyanide 
of  potassium  present  to  form  the  latter  comjxiund.     The  hydr>:>- 
cyanic  acid,  being  now  added,  j-ields  1  eq.  of  cyanogen,  converting  I 
the  2  eq.  of  proti^uyauide  into   1   cq.  of  sesquiryanide  of  cobalt,  j 
while  hydrogen  is  given  off:  2  Co  Cy  +  H  Cy  =  Co*  Cya  +  H. 
Lastly,  the  sesfjuicyanide  Co»  Cys ,  with  the  3  cij.  of  cyanide  of  I 
potassium,  3  K  (.'y,   produces  the  oobaltocyanide  of  potassium, , 
Cy»  Co«  -|-  Ks  =  Cky,  Ks .     The  crystals  are   isomorphous   with  j 
those  of  the  red  prussiate  of  potash ;  they  ore  yellow,  soluble ; 
their  solution  is  not  altered  by  acids,  and  gives,  in  solution  of] 
protoxide  of  cobalt,  a  beautiful  rose-coloured  precipitate,  analo-* 
gous  probably  to  prus&ian  blue  ;  possibly,  however,  it  may  be 
Cky,  Coa .     It  precipitates  many  other  metallic  solutions,  such  aa 
those  of  lead  and  sUver. 

Cobaltocyonide  of  potassium  is  a  singularly  permanent  salt,  ' 
r«Msting  the  action  of  the  strongest  acids ;  which  is,  in  itself,  a 
sufficient  proof  that  it  cannot  contain  cyanide  of  jiotawium  aa  j 
such.     With  the  salts  of  nickel  it  forms  a  green  procipitat*,  Ckf,  | 
Ni»,  which  is  insoluble  in  boiling  dilute  acids.     ThisprupcHy  has 
been  applied  by  Licbig  to  the  separation  of  cobalt  from  nickel  in 
■aaljaii.    All  other  motolt  being  removed,  au  cxocm  of  potoah  >•  j 


rwlMl,  Uid  '  io  aciil  till  the  prpcipitnte  at  first 

_  i  b  diMoh  "le  is  then  boiled.     Ilvlrochlorio 

Mid  M  now  oUtlcU,  tkuii  it'  lio  nickel  be  present,  it  prodaces  no 
tbMBigo,  ittfnofc  it  has  no  action  on  cobaltocj'onide  of  potasaitun. 
Rut  if  nil-!  nt  (of  course  by  tliis  time  as  cyanide)  it  is 

(xavcrtc-i  I  If,  and  this  is  instantly  precipitated  by  tlie 

ahthocy*!  II  OS  oobaltocyanide  of  nickel.     Should 

llwn  bo  ail  '  Miokel  present,  the  \rhole  nickel  is  pro- 

cif»t»t»d,  and  thi-  preoipitAte,  acted  on  by  potash,  leaves  the 
niduel  aj  ivmxide,  while  the  cobalt  ia  dissolved  an  cobaltocyanide, 
mod  c  rnune<l  along  with  the  portion  not  precipitated 

farvi:.-  -  1      If,  on  the  other  hand,  there  be  more  nicke] 

tkaB  OObklt  'halt  is  contained  in  the  green  precipitate  of 

sofaalfeaejnxziu.'  ■■•  ..i.  kel,  and  may  be  dissolved  by  potash,  and  its 
qnaataty  determinetl,  while  the  nickel  left  by  the  potash  as  p«r- 
•dtida  jaajr  ba  tddod  tu  that  left  in  the  li(iuid  for  want  of  cobalt. 
Hadi  i<  U  ootlisc  of  this  very  buautiful  and  refined  method,  which 
pm  OMrt  usBimte  results. 

VIL  Cit«o«ocTX»(vnnr.    Cy^CnssCfy. 

little  knoim.    It  ia  analogoas  to  the  two  pre- 
with   hydro^n  on   acid,   (Yy,   Us,  and   with 
>w  ofyBtaUiiablo  salt,  Cry,  Ks ,  iriiioh  precipttatea 
•ttatiooa. 

Tin.  PtATixocTA80«»ir.    CyiPt  =  Cpy  =  151  •?. 

n\  is  not  known  in  the  separate  stat-e.     It  forms  with 

•lable  acid  of  a  gold  or  copper  colour  and 

lu-  lit,  which  is  very  soluble  and  dcli(|uescfnt. 

Xbfa  ukl  it  {KiHi.-rlul,  decompoaea  the  carbonates,  and  prwliicos 

«jaliMi»      riiitinocyanido of  potassium,  Cpy,  Ki,  is  earily 

Jnad  ''  ^ix^ngy  platinum,  or  still  l>ett«r,  as  1  have 

fi!  !  platiuum  black,  to  low  redness  with  twice 

I  rocj'Hulde  of  potassinm,  and  lixiviating  with 

„.     _,   >..      ..  mg  protoohloride  of  plotinum  in  hot  solution 

I  cf  potamium.     It  forms  crystals,  yellow  ond  metallic 

aitt«<l,  blue  by  rpflocted  light.     Uy  the  aeliou  of  this  salt 

Ditratn  of  mercury,  a  oobaJt-bluo  precipitate  is  formed, 

'!  in   tho  fluid,   becomes  white,  and  is  then 

of  racrourj',  Cjiy,  Ilgi  (?).     This  salt,  acted 

oo    bj    «'.  '     Irogcn,   j'icKU  the    platinnoyanio   acid. 

A  wlBtkii  lie  of  potostium  acted  on  by  chlorine, 

jriaUa  br<uui  ui  (.si^jp^ir.ui:*  eiyttula  of  a  new  aalt,  whiuh  t«  uithcr 

u 
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a  doulile  cyanide,  2  K  Cy  4-  TU  Cys  +  5  II  0  ;  or  the  pi,-., 
salt  of  a  uow  radical,  Pt«  Cys,  K«  +  6  H  O  (KnopV  1:  .n' 
researcliBS  have  greatly  increased  the  number  of  j>l 
and  it  appears  that  many  of  these  are  ibomeric  or  j 
one  another, 

The  platinocyanides  of  barinm,  strontium,  and  naloimn,  tr* 
easily  obtained  by  the  action  of  platinocyanic  acid  on  the^e  boMS, 
and  crystallise  readily  with  a  beautiful  (jrw?ni»h-yellow  colour,  or 
in  some  coses  green  and  red  with  metallic  lustre. 


rx.  IBIIIIOCTA.KOOUI.     C.viIr=Cly. 

This  radical  1>as  not  been  isolated :  it  forms,  with  hjdropaJ 
iridiooyanio  acid  Cyn ,  Ir,  !!• ,  which  is  obtained  by  the  udao  4 
sulphuretted  hydrogen  on  iridiocyaaide  of  lead  Cy>  Ir,  Pb». 

Jridiocyaniilc  of  PoUmtium,  Cyi  Ir,  Ka,  is  obtained  by  tlw  I 
action  of  protoehloride  of  iridium  on  cyanide  of  potassium.  It  forms  I 
colourless  crystals  ;  its  solution  gives,  with  salts  of  peroxide  of  J 
iron,  a  deep  indigo  colour. 

There  appears  to  be  a  series  of  similar  oomponnds  fonn«d  by  j 
cyanide  of  palladium.  The  pallndiocyanido  of  potassium  oorre-  ' 
eponds  to  the  platinooyanide,  and  its  formula  is  Cyi  Pd,  K. 

There  is  also  reason  to  believe  that  manganese  forms  ■! 
manganocyanogen,  corresponding  to  ferridcyanogcn,  Cy«  Mn*  = 
Cmy.  The  manganocyanide  of  jratAssium  ia  probably  Cy«  Mm  + 
Ka=  Cmy,  Ka . 

From  what  has  been  stated  in  the  preceding  pages,  it  wiU  b« 
seen  that  cyanogen  has  a  very  groat  tendency  to  furm  cyasidw 
containing  2  or  3  metals,  and  likewise  cyanides  contaioing  one  of 
those  metals  and  hydrogen  in  tlio  place  of  ttie  otiivr.  As  tl>«M 
Litter  compounds  ore  very  powerful  acids,  we  are  naturally  led  to 
consider  thera  ns  hydrogen  aoids,  in  which  the  hydrogen  is  com- 1 
bined  with  radiculs.  This  view  has  lioon  adopted  above,  and  ' 
Lave  seen  reason  to  admit  tlie  following  radicals : — 

riatinc>(7anogen  Cpj  =:  Cyi  Pi 
riilbuliucjrsoiigeD  Cjidy  =  Cj>  Pd 
Fprrocjanogfu      Cfj    ^  Cy>  Po 


Iridibcyonogcn 
Furri<lpjfiuiogen 
Ci))ioU4M'yati'T>t'ii 

Din....    ' 


Cly    =  Cy>  Ir 
=  Cfdy  =  Ct.  Fe. 
=  Cfcy  =  Cy.  Co. 
=  Cry    =  Cy«  Cn 
=r  Ctuy  =r  Cy«  Uu> 


It  will  bi>  observed  tbol  there  are  three  diflBront  formnln-  among  ^ 
radicals,  namely,  Cya  M  ;  C'ya  M ;  and  Cy«  Mi ;   th«  flr»t 
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!  bibasic,  the  third  fribasio.     No  other  view 

■  n  of  Uie«e  cumiHiunds,  of  thoir  acids,  and  of 

tiStf  (uts,  vrhiuh  is  at  once  so  satisfactory,  so  consistent,  and  fo 

•dWBtag^cttf  for  the   Icumer,    as   beiug  adapted   to   assist   the 

It  is  truv  tliat  the  aoids  mar  bo  viewed  as  oomjiounds 

le  of  a  metal  with  cyanide  of  hydrogen  (hydrofyanii-  ocid), 

•  salts  as  compounds  of  two  metidlio  cyanides.     Thus, 

io  ocid,  Cyi  Fc  -f  Hi ,  maj-  be  said  to  be  2  H  Cy  +  Fe  Cy, 

I  {MTOej-uiide  of  potassinm,  2  IC  Cy  +  Fe  Cy.     Again,  ferrid- 

nio  oeid  may  bo  3   H  Cy  -)-  Foi  Cys ,  and  its  pitossiom  salt 

I K  Cr  +  Vet  Cy« :  -while  pliitinocyanio  acid  and  its  potassium  salt 

r 'i«  H  Cy  +  Pt  Cy  and  K  Cy  +  Pt  Cy. 

>  Uie  strong  acid  ]iroi>erties  and  harmless  nature  of  these 
I,  and  tLo  r  r      '    ''    i.^rmanence,  both  of  the  acids  and  of  the 
salts,  U*  ntiri  tent  with  the  presence  of  so  weak  Oh 

a<id  aad  so  fri^jhtlul  a  jjuison  as  hydrocyanic  acid,  or  of  bodies  so 
ntUj  d<«otBp<wed  as  hydrocyanic  acid  and  cyanide  of  potassium. 
ri!  numerous  donble  cyanides,  such  as  K  Cy,  Zn  Cy ; 
\i.  '  .V.  C""'  t'yi  "Sic.  Ac. ,  which  act  as  such  ;  being  easily 

&{>«•«;«<,  and  exhibiting;  no  indications  of  containing  radicals 
>  Uic<«r  nVire  described.     We  shall  tlieroforc  not  dwell  on  any 
Odmx  "  '  merely  allude  here  to  the  true  double  cyanides,  as 

bdmu^^'  tu  the  history  of  the  metals,  and  less  to  that  of  the 

organic  radicals. 

It  sli'Mil"  1ii,.r<>  b«  mentioned,  tliat  the  cubic  copper-coloured 
cry«t.i  the  slag  of  iron  fumaoes,  and  regarded  as  metallic 

btrn  found  by  Wohlcr  to  be  a  compound  of  cyanide 
r  titanium  with  oiturct  of  titanium. 

rAnAfTAXOOEK. 

appendix  to  the  metallic  cyanides,  we  may  here  mention 
pound,  which  is  left   behind  as  a  dark- brown  puwder, 
eysAide  of  mercury  is  healed  in  a  retort.     As  cyonogeti  and 
•%ur  alone  are  vriven  oil',  wo  should   ex{H-ct  the  salt  to  be 
!y  ;    but  this  not  being  tho  case,  it  is 
:  it  contain  no  mercury,  must  have  tho 
.  and  bo,  in   short,  an   isomeric 
laoilit.  lOKen.     Again,  whan  cyanide  of 

«l»»f  ia  UtiatwJ ,  of  iU  cyanogen  ;  it  then  glows, 

asd.  If  socn  fi  ftrc,  yields  a   peculiar   rvsidue, 

which  U  ■'■■  '■    by  uilrii)   acid,      'ihu  insoluble 

rraiiiDr  n]  I  and  cjiinotrt-n  in  tlie  projiorlion 

«f  Av  :>'de  tJiat   '  '  n  here  is  in  tho 

•4U  i:  1  1  ei|.  i*!! '.  .  be  formed  by  3  eq. 
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Wlic'ther,    tliorefore,   we  admit  piirac;raiiogeii    a«  a   septntc 
radical  or  not,  the  two  residues  just  menUoned  contain  c«rl>ou  and  i 
nitrogen  in  the  proportions  to  form  cyano!."eii.     It  is  iilso  jxasitil*! 
t)iat  eome  kuoIi  oomjwund  taay  exist  in  cast  iron  and  Et«el,  whiclll 
njipeor  to  contain  nitrogen  as  wcU  as  coibon. 


CTAKOOEK   AST)   STTLTUrR, 

X.  SvLraoOTAXooKn.    Oy8«=C«y  =  68. 

8r».  Bisutphuret  of  Cyanogen, — When  ferrooyonide  of 
Mum  is  hc-tttcd  with  auljihur,  tliere  is  formed  a  new  salt,  £liv 
furmula  of  which  is  Cy  Si  +  K.  Tliis  is  sulphoeyanide  of  potanium, 
which  appears  to  contain  the  radical  Cy  81 ,  or  Csy.  We 
BHV  that  this  radical  is  known  in  the  free  state,  but  by  the  Mtii 
of  chlorine  on  sulphocyanide  of  potassium  there  is  formed 
bright  orange  ixiwdcr,  which  contains  sulphocyanogen,  uiixt-d 
with  some  other  bodies.  Liko  the  preceding  radicals,  sulpha- 
cyanogen,  with  hydrogen,  forms  a  peculiar  acid,  the  sulphooyouie 
or  Lydrosulphocyanio  acid. 

Hydrotulphoeyanic  Acid — Cy  St,  H  =  Csy  H — is  obtained  by 
passing  sulphuretted  hydrogen  gas  t!irough  sulphocyanide  of  lead,' 
Csy,  Pb,  suspended  in  water.  The  solution  tlius  formed  is  higbl 
acid,  and  has  the  odour  of  acetic  acid.  It  strikes  a  blood-rt- 
colour  with  salts  of  peroxide  of  iron,  and  tliis  pro])crty  is  fonotl, 
iu  ell  soluble  siflphocyanides.  Tiie  formula  of  this  acid  ocrro- 
sponds  to  that  of  cyanic  acid,  Cy  Oi,  H  ;  and  it  may  be  newi 
n)  cyanic  acid,  the  oxygen  of  which  has  been  replaced  by  «ul{diuri 
With  metollio  oxides,  it  forms  the  sulphocyanides  o(  the  metals ; 
Cy  S.,  H  +  M  O  =  Cy  8,,  M  +  H  0. 

Sulyhofyanida  of  PoUiuium — Cy  Si ,  K  =  Csy,  K, — The 
procefts  for  obtaining  this  salt  is  to  melt  at  a  gentle  hcut  (oul 
raised  at  the  end  to  low  redness)  46  parts  of  dried  ferrocyanide 
potassium,  .32  of  sulphur,  and   17  of  pure  carbonate   of  I'oljtih.j 
The  mass   when   cold   is  boiled  with   water,  and   the  MdutioOi 
being  filtered  and  eraporate<l,  dcpohits  striated  prismatic  crystal 
of  the  salt,  rexy  similar   in  ap^iearonoc,  and  in  tast«  alio,  to 
nitje. 

If  not  qiiito  pure,  it  is  purified  by  holution  in  aloobol  and 
recryatallisation.  In  this  process,  the  whole  cyanogen  of  tho 
ferrocyanide  is  lirst  converted  into  cyanide  of  potasaiuui,  and  then 
by  the  taking  up  of  sulphur,  into  sulphocyanide  ;  wliilo  the  iroi 
is  converted  into  sulphuret.  As  1  eq.  ferrocyanide  contains  3  eq, 
of  cyanogen  and  2  of  potassium,  I  et),  of  carbonat*  of  pntanh  ii 
added,  and  the  3  eq.  of  cyanide  of  potassium  thug  ohtaiaod  taki 
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<y).   of  Bulpbor  to  form  the  new  ealt.      3  K  Cy  4  So  ^ 
(CjrS.,K). 

jranide  of  |iotas«iuffl  caused  precipitates  in  some  nietallio 

I  biut  a«  many  metallic  suljihocyaniJes  are  soluble,  the 

lerMtar  Bnmber  of  metals  are  not  precipitated  by  this  salt.  With 
ioltt  of  peroxide  of  iron  it  striken  an  intcuKC  bloud-red  colour. 
hat  tmatta  no  precipitate.  With  acetate  of  lead  it  (rives  vhUow 
i,ij»>alii,  vhh  mbaMtate  a  white  precipitate,  and  with  salts  of 
M^Mldaof  copper  also  aa  tnmluble  white  snlisiilphoeranide  of 
cujipw.  f*iili'!i"i-i nriiilc  of  silver  is  precipitated  aa  a  curdy  white 
•lid,   wb  !e  of  (Hitossiam   is   added  to  nitrate  of 

ilTtr.      l  ,     "  yanidcs  are  soluble. 

When  '0  uciil  is  set  free  from  its  salts,  by  diluted 

ciiU,  mc     -,;-- —  to  heat,  it  is  renolved,  with  the  aid  of  the 
klcncnl*  of  water,  into  carbonic  acid,  bisnlphuret  of  carbon,  and 

sia.  r,  N  S,,  H  +  H.O,  =  ^!^  I  +  N  Hj.  Comiwire  this 
tb«  ipontanuous  decomposition  of  cyanic  acid  when  set  free 
from  lt«  talta:  C.  NO,.  H  +  Hi  0»  =  c  ol  (  +  ^  ^»-  ""^^ 
aw»  that  the  view  wliich  ooiisiden  sulphooyanio  acid  as  oyaaio 
^  thci  oxygen  of  whivli  has  bccm  replaced  by  sulphur,  is  oon- 
'.  by  the  kimilarity  in  the  decomposition  of  these  two  acids ; 
ia  this  poiut  of  view,  muy  be  said  to  belong  tu  the  same 
tjpe. 

WWb  mlphuoyamdo  of  potassium  is  mixed  with  G  or  8  volumes 
'  tUsmg  bydruoblorio  acid,  hydrouyanio  acid  ii>  ^vcn  oil',  and  a 
'  cryatalline  soid  is  de|io8ited,  which  ountain^  more  sulphur, 
■•y  l>u  cuJUmI  (hydrii)  per)>ulphucyanic  acid.  3  (Cyiii,  ?I), 
that  ia,  3  o}.  of  sulpbuoyauic  acid  lose  Cy  M,  1  eq.  of  hydrocyanio 
JUidt  And  t^ere  remaia  2  eq.  of  the  compound  Cy  .Sn,  U,  or  per- 
I  acid.  The  formula  of  its  salts  in  Cy  Ss ,  M.  ^Vllen 
t*  di^wilved  in  ammonia,  it  soon  deposits  suljihur,  and 
1 1;  :ri« 'ft  new  oomjiound  CyiS»,  Hi(=2CyS3,H — S) 

ammonia:    on  adding  an  acid,   pcrsul]>hocyaiiio 
,  ia  rrficxxlucod  and  deposited,  while  sulpbocyauic  aoid  rcmaini 

^•^•."■  =  !S8::S. 

olution  of  tiilphiicyauide  uf  potassium  is  aeted  on  by 

liHotitw,  or  by  nitric  acid,    a  bright  orimge-yellow   powder  ia 

iU>i.  « Iiii'h  was  long  supiwscd  to  be  u  sulphocyanogen  :  but 

(u  be  a  eomt'""nd  or  mixture  of  sulphoeyanofren, 

jcid,  and  water,  in  the  pn>|)ortions  3  Cy  Si  +(;y  8t, 

.H  0  =  C  N,  a,  +  (C,  N  S,,  U)  +  U  0  =  C,  X.  S,  11,  0. 

jcUow    compound    uuder^os   a   very   remarkable    oliang* 
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whi'n  heated:  it  gives  off  bisulphuret  of  cArbon,  8iilph«ir,  aad 
little  persu)i)hocyaiiic  aciJ,  and  there  iblcft  in  the  retort  a  gi»yi»h- 
yeUow  powder,  containing  no  aulpbur,  oiygen,  nor  hydriigcn, 
and  not  decomposed  by  a.  low  red  heat.  l!y  a  struug  red  heat 
it  is  dissipated,  yielding  a  mixture  of  3  vol.  cyauoge^  to  1  VoL 
nitrogen. 

This  residue  is  the  substance  already  albided  to  as  crude  or 
impure  mclloue.  Being  impure  its  composition  cannot  be  expTcsstd 
by  a  formula.  Melloue,  which  is  a  new  radical,  will  be  pmMntl/ 
considered  as  such. 

If  the  orange-yellow  compound  which  yields  it  be  thrown  into 
melted  sulphocyauide  of  potassium,  the  mellone  actually  seixes  tiie 
{MtosBium,  expelling  the  ^ulphooyanogen,  which  is  resolved  into 
bis^pburet  of  carbon,  sulphur,  cyanogen,  and  nitrogen,  all  of 
which  escape  with  cilervcscence.  Tliis  is  beoaase  meUone  is  not 
only  a  powerful  radical,  but  also  capable  of  resisting  a  strung  heat. 

XI.  HsLLon.    He  =  Ci>  N»  =  Cj,  N.  =  260. 

This  radical  is  not  fully  known,  not  having  been  obtained  in  • 
stote  of  purity.  We  have  already  considered  it  as  a  compound  of 
cyanogen  with  nitrogen,  and  explained  the  facts  which  load  to  the 
adoption  of  the  very  strange  formula  now  found  to  belong  to  it» 
There  ia  reason  to  believe  that  mellone  is  a  solid,  capable  of  resist- 
ing a  pretty  high  temperature,  but  ultimately  dissipated  in  the 
forms  of  cyanogen  and  nitrogen  gases.  It  seems  to  be  present  in 
the  residue  left  when  sulphocyanogtn,  or  the  yellow  body  s«>  called, 
is  heated  nearly  to  redness,  and  the  residue  obtained  by  healing 
the  sulphocyauide  of  ammonium  was  supposed  to  be  mellone  purr, 
or  nearly  so.  But  tliis  docs  not  appear  to  be  the  case,  although 
mellone  is  prolmtily  present  in  this  residue  oa  well  as  in  tii«t  pr»* 
viously  mentioned. 

But  the  compounds  of  mellone  are  better  known : 

Hi/ihtimMmic  Aeid — Me  Ha=Cia  Nn  ,  Hs. — This  ocid  is' 
obtained  in  solution  by  decomposing  a  solution  of  mellonide  of 
mercury  in  dilute  hydrocyanic  aeid  by  sulphuretted  hydrogen. 
The  solution  of  tbe  acid  \aa\K»  sour,  and  decompose*  the  car- 
bonates. With  (Kitafch  it  forms  mellonide  of  potassium.  When 
tvnponited  to  dryness,  even  in  vacuo,  the  acid  is  in  great  part 
decomposed,  and  a  residue  is  left,  which  is  nearly  insoluble,  but  I 
still  contains  a  little  of  the  acid. 

This  acid  is  (ribasic,  forming  with  potash  three  salts.  Me  Kj ,  or  ( 

mellonide  of  potassium  ;  Me  U    J  or  soluble  aoid  mellonide,  and 
Ue  J.'  I   or  ixuolublc  acid  moUoiiidc. 
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»/■   '  Me  K,  =Ci,  N,3  Ki  .—This  salt  may 

•y  :  pbur  with   ftrrocyunido  of  ]iotasKiuni, 

ci-d  along  with  the  Bulphocyauide ;  or  by  fusing 
Um  Hi.,  ie  with  the  chlorides  of  antimony  or  bismuth,  or 

witb  meloffl,  or  with  the  residue  loft  when  melam  is  beuted,  that 
ii,  crude  mellono.  The  changes  are  not  fiiUy  understood,  but 
Irimlyhurct  of  «arbon  is  exjielltd,  and  the  residue  boiled  with 
«ll*r,  yicUU  tho  mellonide,  whioh  is  de^iosited  on  cooling  in  the 
(nb  wf  Tn7  slender  aciuulor  crystals,  interwoven  into  a  mass,  like 
thoM  of  snlphatc  of  quinine.  This  is  mellonide  of  potassium  with 
10  M).  of  vator  of  urystoUisation  Me  Es  +  10  aq.  It  formerly 
ociomvd  to  Liebij;  (to  whom  we  arc  indebted  for  our  knowledge  of 
il*  eompMilion  and  properties,  though  Omelin  first  observed  it,} 
>«1.  of  woti'r,  but  in  all  his  later  reseorohps  it  has  crystallised 
10  o).  It  if  very  sulubic  in  hot  water,  less  so  in  cold  water, 
hltttn  alooliol.  With  hydroulilorie  acid  it  yields  the  insoluble 

ncllonide,  Me  ir*  \  ,  and  with  acetic  acid  the  soluble  acid 

•alt  Me  ^*  I  +  C  aq. 

A   boiling;  solution  of  tlie  mellonide,   mixed  with  nitrate  of 

igiv.  imitate  of  mellonide  of  silver,  Me  Aga. 

leirrr'  I  yields  insoluble  mcllouidc  of  mercury 

Ik>,  uiid  with  a,  huit  of  lead   it  yields  insoluble  mellonide 

'liadMv.  I'b,. 

Wbtoi  boiliHl  with  caustic  potash  in  excess,  mellonide  of  potos- 
aium  i'^  <)«-i>in|ioi<ed,  ammuuia  is  given  utl',  and  a  new  acid, 
cyain.  i,  is  formed.     At  this  period  the  li<{uid,   on  tho 

■ddit.  inniriniiio,  yields  a  precipitate  of  ammelide,  but  if 

l(mx<  >  inelide  disappears,  and  the  addition  of  acetic 

add  r  new  acid,  melanuric  acid.     If  the  boiling 

be  «i  1;:):   I'  'I,  ummouia  is  cuutiuuuUy  given  off,  and 

•ortic  •  ..111-,  a  11  prtcipitato  of  ucid  oyauuriite  of  jiotaab. 

Tb«  oltimato  products  of  this  reaction  are  tiierefore  ammonia, 
ammoaia  and  cyaiiurie  acid.  The  relation  of  the  iutenucdiutu 
ptwla«t»  U)  this  cue  are  easily  explained. 

Cfaaelaric  acid  ii  Cn  Nr  0«,  ili ,  aud  its  iiotash  salt  is  Cn  Nr 
Ob.Ka.    Meknurio  acid  i«  Cii  1{«  Xs  Oa. 

"'  II  '.i.ie  of  imtossiuui  witlj  18  eq.   of  water  yield 

\tt^.  of  potash,  1  Ci\.  of  auuuulide,  Cit  Ny  II«  Oi>, 

.  ^  v^.  ui   kiuiiuuula* 

ie,  by  taking  up  2  eq.  of  water,  and  losing  I  cq.  of 
'  tiaiueaua,  U  ounv«rt«d  into  melanuric  acid,  and  1  eq.  of  this  aiJd, 
villt  4  cq.  of  wnt«r,  ia  molved  iutu  '2  eq.  of  cyauuric  acid  and 
I  w^.  ot  ammffliii. 
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rnoDCCTS  or  tub  DisTn-tAnox  op  suLpnocTAyrDE  of 

AilMONITM. 

As  an  appendix  to  eulphocjaiiogen  and  itc  derivative  mellone, 
'WO  may  consider  tho  remarkable  resulU  of  the  action  of  heat  on 
Bulphocyoiiide  of  ammonium,  N  H»,  Ci  N  S«. 

Wbcu  this  salt  is  heated,  bisulphuret  of  carbon,  ammonia,  and 
Bulphurettod  hydrogen  are  eipelled,  and  a  grayish  residue  u  left, 
which  Liebig  calls  molom.  Its  formula  is  Cu  Xn  Dt,  and  it  give* 
rise  to  a  series  of  compounds,  which  are  curiously  related  together, 
and  which  are  also  related  to  those  we  have  just  mentioned. 

When  boiled  with  suipbiiric  acid,  it  yields  ammonia  and 
cyanuric  acid.  Taking  up  12  etj.  of  water,  it  prodacea  2  eq.  of 
cyanurio  acid  and  5  eq.  of  ammonia. 

When  mclam  is  acted  on  by  boiling  with  potash,  a  scries  of  new 
compounds  is  obtained.  The  hrst  is  meloniiue,  wliioh  is  deposited 
in  crystals  when  the  alkaline  solution  cools.  Mclomine  eontaino 
no  oxygen,  but  is  an  artificial  organic  base,  neutralising  acids,  and 
forming  salts.  Its  formula  is  Co  No  Ho=  C«N«  +  N«  Ho;  that 
is,  it  contains  the  elements  of  1  e<].  mellone,  and  2  eq.  ammonia. 

The  second  new  body  is  obtained  as  a  white  powder,  when  the 
alkaline  solution  which  has  deposited  melamine,  is  superMtnrated 
with  aoetic  acid.  It  is  colled  ammeline,  and  is  al.to  a  base,  nlthongh 
weaker  than  melamine.  Its  formula  b  Co  No  Us  On  z^CaHt+'S  E.» 
•4-  2  H  0,  or  1  eq.  mellone,  1  eq.  ammonia,  and  2  eq.  water.  It 
forms  a  crystallisolile  salt,  with  nitric  acid. 

It  may  here  be  observed,  that  melam,  Cit  Nii  H*,  with  3  eq. 
water,  Ht  Oi,  contains  the  elements  of  1  eq.  melamine,  Co  Na  H«, 
and  1  eq.  ammeline,  CoXaliiO*. 

When  either  melamine  or  ammeline  is  dissolved  in  strong  sul- 
phuric acid,  or  melam  in  nitric  acid,  and  the  solution  mixed  first 
with  two  vol.  of  water,  and  then  with  four  of  uloohol,  o  white 
jMiwder  is  obtained,  resembling  ammeline,  but  having  the  fonnula 
Ci«  N»  H»0«=  2  Co  No  +  N  Ha  +  6  H  O,  or  2  eq.  mellone,  1  rq. 
ammonia,  and  6  eq.  water.  It  is  called  ammelide,  and  has  rather 
the  characters  of  an  acid  than  of  a  base. 

Melamine,  by  the  action  of  hydrochloric  acid,  aidod  by  heat, 
is  transformed  into  ammeline,  giving  off  ammonia,  while  water 
is  token  up.  C«  No  H.-|-  Ha  Ot=  C«  No  Hs  Oi,  and  C«  N«  H* 
Oi  — N1I»  =  C«  N.  U.  Oi. 

HeUm,  also,  when  treated  in  the  same  way,  yielda  ammeline 
and  ammonia.  Cu  Nu  H»  +  H«  0«=CS>  Nu  His  0<;  and 
C.  N,,  H,.  0.-  N  H,=  C„  N,„  Hi„  0.=  2  (U  N.  H.  O,). 

All  thoao  substonoos  may  bu  resolved,   by  tho  action  of  aoidt 


I 
I 
I 
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(cywiTiric  acid  and  ammonia.  It  appears  that  they  are  nil, 
UiAt  i»— melam,  mclamine,  and  ammeliue,  iint  oonrertcd  into 
mundide,  and  that  anunolide  is  the  source  of  the  cyanario  acid 
aad  amBMrnio. 

It  is  cihsions  that  they  are  all  closely  related  to  each  otJier, 
luid  to  pyoauric  acid.  That  thoy  are  also  relatti-d  to  mellone  is 
Ijirobablc,  bicause  wlien  heated  they  leave  a  yellow  residue, 
Ivhioh  i*  oonTertod  by  a  stronger  heat  into  cyanogen  and  nitro- 
\gn ',  wliiob,  in  short,  is  mellone.  All  these  oompounda  may  bo 
rvpresetit4<l  as  trfbasio  oyucurate  of  ammonia,  minus  water,  or 
vatcr  and  onunonia.    Thus, 

1  M).  anhydroas  eysnarate  of  ammonia,  C^  0> ,  3  N  Ua  =  Co  Nn  Ha  Os 
IDms  S  •«.  vatet =:  lUOr 

TUIl  1  cq.  meUmine =  Cn  Na  Ho 

T  <Q. *al>yiliwiii  cyanurate  of  ammonia  .  :=C<iNiiU>Oi 

lCa«l«q.»aUr        =Hl)  Ijjjj   0  j,30 

„     1  tq.  ammonia  ^  Hj  N         J 

TicMs  I  ft),  ammdlae =GaNiB*Oi 

S  vq,  asbydroos  ei'auankt«  uf  lunmouia  =  Cu  Nit  Hi*  Oa 

SIM  1  M.  ammonia  =  N  H>      1  w    n     i> 

0^.  *U«r       =     HncI         •        •        =        ''    S'   ^*" 

Yields  1  eq.  Dekm =  Cii  Nn  Hn 

3  •).  anbydnms  e/uarate  of  ammonia  z=  Cn  Nit  Hi>  Oo 

Mistu  S  nq.  ammuoU =        Ki  Ha 

Twill*  I  ai].  wumulide        ,         ,         .        .         =^  On  Na  U«  U<i 

tlie  moss  remaining  in  the  leturt  when  urea  is  heat«d, 
ud  fonncrly  bcliuvcd  to  be  oyanurio  acid  or  cyonurate  of 
ed  on  by  acids,  it  yields  oyanurio  acid,  and 
bund  iu  Uie  solution  ;  but  if  it  be  boiled  with 
rcn  Uaolublv  midW-white  [wwder  is  obtuined,  wliich  agrees 
with  amroi-lide  in  silmnst  oil  its  properties.  Its  formula,  how- 
ner,  is  C,i  >'e  11.  (),,  and  it  may  also  be  derived  fh>m  cyonurate 
vt  ammoiiua,  as  follows : — 

I  tq.  Mkbjdroiu  triliwio  C7aniinit«  of  smnionia,  1        __    CaNaH  O 

Cy»  Oi ,  3  N  111  J 

Mkaa  S  oq.  koaacala        ....  =        NiHa 

aiiil  CaNiHiCu 

Was  1  aq,  wslCT .         .  =  il  0 

TiskU  I  eq.  of  Ui«  new  {irodact  fium  area     =.    CaN<U>U« 
Or,  CoNiHtUa. 


HELANUBIC  AOID,   ETC. 

Thia  product,  therefore,  is  mtermediate  between  anunelide  ! 
cyanurio  acid.     It  is  now  culled  mclaDuric  ucid. 

To  be  transformed  into  bydrated  oyanurio  acid,  it  has  only  to 
lose  1  eq.  ammonia,  and  to  gain  2  eq.  water.  Its  formation  trotn 
urea  is  ver}'  eo&ily  understood ;  for  4  eq.  urea,  miniu  2  e<]^,  ou- 
bonio  aoid  and  4  eq,  anuuouia,  will  give  this  compound  :— 


4  eq.  area       .         . 

Dus  2  eq.  earbomio  add  CiO« 

„      4  eq.  ammonia 

1  eq.  of  the  new  compound 


C  N.  H.  O* 


In  order  to  render  Btill  more  obvions  the  relation  of  t]ieM 
comiKiuuds,  melam  excepted,  to  cyanuric  acid  and  among  each 
other,  lot  us  express  the  hypothetical  compound  N  II  by  Ms ,  M, 
therefore,  standing  for  ^  eq,  If  H.     We  then  have— 


Cjrnnaric  add,  Co  N>  Hs  On 
MeUmiae,  Co  No  Ho     . 

Ammelini!,  C<NsH<0> 

Ammelide,  Ca  N.  4  H.  4  0> 

McUnario  acid,  Co  N>  B<  0> 
Cyannrio  acid 


=  Cy»  Oo  +  Hj 
=  t'yi     M.  +  H. 

=  Cy.{JJ;^H. 
=  Cr.{«>H, 
=  C3r.{»  *H. 


Ilfre  we  see  the  change  in  properties  accompanying  th« 
grudual  substitution  of  M  for  O.  At  one  end  of  the  series  is 
mclumine^  a  base,  containing  no  oxygen  ;  at  tlio  other,  cyan  uric 
aoid,  a  highly  oxygenised  acid  :  while  ammeline  is  a  weak  base, 
and  the  rt-mainiug  ones  are  neutral,  or  have  gradually  inoteoeiDg 
aoid  properties. 

Cyameluric  aoid,  already  mentioned,  is  related  to  the  com- 
pounds here  described.  Its  formula,  Cu  Nt  Oo  1I«  ,  ditfcrs  from 
that  of  melanuric  acid,  by  containing  1  eq.  of  ummuuia  and  2 
cij.  of  water  less ;  and  like  the  other  compounds  wben  boiled 
with  acids,  it  yields  ammonia  and  cyanuric  a<;id,  the  elomeats  of 
'Water  contributing  to  the  change. 

If  a  compound  be  supposed,  in  the  preoeding  table,  between 
melanuric  and  cyanuric  acids,  its  compositian  referred  to  12  eq. 


• 


*  Ttt  Ihti  Ulile  >oni«  nf  i.hd  fonDuU«  ar«  t^uly  Lftlf  of  nliAt  wo  hiivci  prerloualr 
ClTvD,  tnit  II  la  iml;  uiUuulol  Ui  >l>o<r  ilu  Kilnlliini  uuuug  liiCM  oomiKxuut*.  Bot 
'  tbdr  sxkot  oiiuivalooU. 
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wrbun,  would  be  Cn  Xr  Ri  Ojd,  which  is  cyamcluric  acid  4- 
4  e<i.  of  waUr.  This  ootd,  however,  has  not  been  shown  to  ho 
iotat*\  irom  mclam  when  boiled  with  acids,  hut  is  pruduood,  aa 
abtaiiy  lueutioncd,  when  uelamide  of  potassium  is  boiled  with 
cjuovs  of  potash,  a  process  iu  which  ammclide  and  melonuric 
Mid  are  ah>o  fonned.  There  can  be  no  doubt,  therefore,  that 
CJM)'  i'l  belongs  to  this  remarkable  series  of  compounds, 

vhic:  .■:,  neutral  or  acid,  arc  all  derived  from  melloau  or 

BcUoi,  1u.1l  oil,  when  boiled  with  aoids,  yield  oyanurio  acid  oiid 
tmmonie. 

H.  '  iff,'  these  compounds,  it  is  proper  to  point  out  Umt 

as  »  c  acid  iKirreapunds  to  cyauiu  acid,  sulphur  being 

iub>  '   ixxygen,   so  nuliihocyauido  of  ammonium  oorrts- 

spoi;  \  in  Uie  same  way  to  urea ;  for  ureu  is  Ct  Ng  UtOi , 

■ad  :idL>  of  ammonium  is  (see  above]  CiXiHtSt,  That 

^^^  thu  ■■'  '  nut  imaginary  wo  hava  seen  in  the  similarity  of 

^HitliB  «oti«B  0t  heat  od  both. 

1^ 


!•  iKa  CMC  of  are*,  i  en =  Cn  N>  Hia  On 

iMd  3  M.  Rvlx^io  acid,  Ci  0.  1  c  w  ti     n 

asd    4^.«aiiiam>,  N.fl..        /         •    •  -^^'^"0' 

»Tii,iT  1  fci   ..f  lui-Iwinric  »cid  .        .         .  ^C«N<I{4  0< 

Ib  tbc  t.  tt;  uf  amuania,  1  cq.  .  ^  C<Nt  Uio  S< 

ptU  2  I'l  .  ailiou,  CtS«  1  n    K  a     a 

Li    i  04.  anuagai.,  N.H..     f  =C,N.H.^8. 

Uariai =C.X. +h7& 


Slu  analogy  only  fails  in  this,  that  the  bisolphurct  of  carbou 
and  ammonia,  iuatvad  »f  uuiliu^r  to  form  one  compound,  are 
raaolnfj  into  several,  among  which  are  sulphuretted  hydrogen, 
■ad  a  taUd  Bubstunoc,  probably  containing  meUoiic. 

W!  !    lurllono  is  boiled  with  nitric  aeid  a  new 

•**d  mg  in   octahedrons,   which,   when   re- 

tfitBoliiti  1:1  u.xtei',  furiu  pt^arly  a<tales,  Liebig,  who  olouc  has 
■tadiol  it,  found  it*  formula  and  all  its  reactions  exactly  lilcu 
UuK-  ric  acid,  and  called  it  oyauilio  acid:   1  eq.  mellono 

r  <  'n  N .  +  Ho  Dij ,  are  equal  to   1  eq.  cyanilio   (or 
■  •{,    ammouia   ( C«  Nj  O^  U»)  +  N  Hi. 
I)  .   required  to  osUtblitth  oyanilio  acid  a*  on 

ul. 


Sali'honiFlluoo.     IlyiJroauliihainisUonic  aciJ. 

AMorliag  to  tht>   rctiMirolivs  of  Janiieaon,  tho  orange-yellow 
r,  eommoDly  called  nulphocyamigen,  and  which,  at  p.  luu,  i» 
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suid  to  cxmtain  3  eq.  of  bisulphnret  of  pyanopen,  1  eq.  of  hydro- 
sulphooyanic  aoitl,  imd  1  eq.  water,  really  consists  of  the  vleineiits 
of  1  eq.  of  I'uch  of  these  three  substances,  Cy  6»  +  Cy  Si ,  II 
+  H  O  =  C'«  Ni  Hi  O  S»,  how  arranged  we  know  not. 

When  dissolved  to  saturation  in  hydrosulphnret  of  snlphoret 
of  (wtassium,  K  ti,  H  S,  the  elements  of  4  eq.  sulphoeyauogen, 
■1  Cy  S,  =  C«  N»  Ss,  along  with  4  cq.  of  K  S,  U  S,  give  rise  to 
7  eq.  sulphuretted  hydrogen,  7  H  H;  1  eq.  ]>enta»ulphiiret  of 
potassium  K  S»;  2  eq.  carlionate  of  potnah,  2  (KO,  C  0»)  and 
1  cq.  sulphomcllonide  of  potassium,  Ct  Ni  HiSt,  K. 

^Vhen  this  salt  is  decomposed  by  an  acid,  as  hydroelUorio  acid, 
a  simple  exchange  takes  place.  C«  N*  Hs  S4  K  +  H  C)  ^  K  CI 
+  Cc  N«  HsiS*-,  H.  The  latter  formula  represent-s  the  hydrotrul- 
phomellonic  acid,  which  is  a  sparingly  soluble  white  crystalline 
powder.  It  combines  readily  with  tlie  alkalies,  and  deeompanc 
the  carbonates  of  the  alkaline  earths  when  boiled  with  them. 
All  the  suljihomellonides  of  the  metals  of  the  alkalies  and  alkalino 
euiths  ore  soluble  and  crystallise  beautifully,  The  general 
formula  for  the  anhydrous  salts  is  C«  N«  Ha  S*  M  ;  but  the  crys- 
tolli^ied  suits  contain  from  2  to  6  eq.  of  water  besides.  'Ilie 
silver  salt  is  onliydrous.  The  8up{)03cd  radical  of  lliis  acid, 
and  of  its  salts,  is  not  yet  known  in  a  separate  state  ;  but  when 
tlie  sulphomellonide  of  potassium  is  acted  on  by  chlorine,  tiittfv  is 
separated  a  white  powder,  wbioh  seems  to  be  sulphomellone, 
although  Jamieson  has  not  yet  been  able  to  ascertain  that  (loint. 
Ilttt  the  acid  and  its  salts  are  rendered  very  simple  by  aMUtning 
tlie  existence  of  this  radical,  which  agrees  with  all  the  fact-s  yet 
known,  and  makes  the  sulphomclKmides  analogous  in  composition, 
OS  they  ore  in  their  relations,  in  their  origin,  and  in  their  pro- 
perties, to  chlorides,  bromides,  iodides,  fluorides,  cyanide*,  tad 
uiellouides. 

Ilaving  now  concluded  our  sketch  of  the  compounds  derired 
from  that  of  sulphur  and  cyanogen,  it  only  remains  to  nautiun, 
that  cyanogen  forms  one  or  two  compounds  with  sulphuretted 
liydrogen,  and  that  solphocyonic  acid  forms  a  compound  with  the 
jTaame  gas.  These  compounds,  however,  are  as  yet  too  little 
known  to  permit  of  their  being  clearly  laid  down. 

Cyanogen  does  not  form  any  compound  of  importanc*  with 
jihosphorus  or  the  remaining  metaUoids.  But  there  is  a  tery 
interesting  and  important  series  of  compounds,  in  which  we  may 
conceive,  with  some  probability,  a  radical  to  exist  formed  of  the 
elements  of  cynnngen  and  those  of  oxalyle  or  carbonic  oxide, 
C(  Oi.  This  is  the  series  of  compounds  derived  from  uric  arid, 
mmI  consequently  elonely  connecte<l  with  urea,  which  we  have 
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)  to  he  da«TV«(i  from  oj'aiiate  of  amioonia,  and,  tlirongb  oyajiio 

,  from  pymnurio  aoid,  which  ootiuc«ts  it  again  with   mellone, 

B,  and  sulplicwyauogcn. 

We  iLoli  first   brittiy  (icsoribe  t>ie  aria  aoid  iUolf,   aa  the 

itutiB^-piiint  of  an  extcnuive  serioa  of  pnidiicts.      The  radical 

M]ifia*d  to  exist  in  tht-'se  compounds  will  be  bett«r  undcrbtuod  if 

^■•anbial  after  we  bavo  beoomc  aoqoainted  with  them. 


CTASOQKS   WITir   OARBOyiO  OXIDE, 

Xll.  Urtlb. 

1.  Umc  Aan.    Co  N.  H.  Oo  =  C.o  N*  H.Os  -f  H  O. 
Or  Oio  N.  Hi  Oi  S  H  O ;  or  C>  N<  H  0> ,  B  0  (Beusdi). 

'•!. — Lithic  Aciri. — Occurs  in  small  quantity  in 
f  man  and  qnadrupods,  and  in  much  larger 
.!;i  of  birds,  whether  carnivorous  or  herbi- 
i.-.i.ii  and  h;nvk  tribes.  In  the  urino  of  bird^ 
[>art,  iu  the  form  of  urate  of  ammonia,  and  it 
iiiich  in  gTiano — a  Kubbtance  produced  by  the 
1  ii;  if  the  air  on  the  urine  (or  excrement,  for 
•^  ilior)  of  sea-fowl.  The  only  excrement  of 
Mrriwnt*,  at,  for  example,  of  the  boa-oonstrictor,  is  a  whita  »emi- 
M>li'l  '<>  "  '  nliicb  Boon  dries,  and  is  pure  aoid  urate  of  ammonia. 
In  vhiuh  are  all  carnivorous,  it  is  very  remarkable  that 

reta  (except  oooasionaUy  hair  and  feathers,  which 
<!,)  Aliould  Uke  the  form  of  urate  of  ammonia.  In 
>-,  uric  acid  ia  often  deposited  on  ooolin^^,  and  gen^- 
nUy  of  u  roddiih  colour ;  it  also  oonstituti'H  the  most  frcqaent 
tani  of  )p-arcl  and  of  calculus,  when  dcpoait«<l  within  the  bladder. 
Acid  uniU  of  soda  i«  fontid  in  the  chalk-stones  of  gouty  patients; 
•od  it  is  Well  known  that  gout  is  a  disease  closely  allied  to 
Mlmtltu  of  this  kind. 
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'•d  from  the  excrement  (or  urine)  of  the  boa, 

.  anil  diasolved  in  40  parts  of  boiling  water 

iditiuQ  of  caustic  potash,  till  the  liquid   is 

The  nrio  acid  forms  urate  of  potash,  which 

!i  escapes.     The  hot  liquid,  being 

(and  with  the  above  proportion  of 

with  l''i»s  it  cryMtiUisfs  on  the  filter 

.  ith  a  decided  excess  of  hydrochlorio 

1(1   is   sot  free,    and  bring  insoluble,  is 

\Lrv  bulky  gelatinous  hydrate,  which  in 

';,-   loHS   water  and   shrinks  into  a 

TluJ  is  well  washed  witli   cold 
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WBtor  and  dried  in  the  air,  when  it  forms  a  sliining  poi 
oomposed  of  distinct  but  minute  crystals.  If  mode  from  a  cold 
saturated  solution  of  urate  of  potash,  the  crrstaU  are  much  lor^r, 
but  contain  IT'S  per  cent,  of  water ;  in  this  ease  4  eq.  of  trat«r 
ore  expelled  at  212°,  leaving  the  same  substance  a«  that  pre- 
cipitated from  n  hot  Rolution,  which,  when  dried  in  the  air, 
loses  no  weight  at  212'.  The  latter  i»C,„K.  H»0.+  H  O 
=  Ur  +  H  0;  the  large  crystals  are  bvdrate,  Lr,  H  0  + 
4  aq. 

If  pure  white  fragment*  of  the  urine  of  the  boa  have  been  used, 
the  above  simple  process  yields  uric  acid  chemically  pure,  even 
when  the  solutioa  in  potash  has  had  a  decided  yellow  colour. 
This  uric  acid  is  snow-white,  and  is  entirely  dissipated  by  heat, 
leaving  no  trace  of  ashes.  But  if  the  boa's  urine  have  been 
imi)urc,  or  if  calculi  have  been  employed  to  yield  uric  acid,  in 
both  of  which  coses  the  alkaline  solution  is  brown,  often  voy  ■ 
dork,  and  yields  a  coloured  uric  acid,  or  again  if  we  wish  to  B 
extract  uric  acid  from  guano,  we  most  first  purify  the  orate  of 
potash  by  evaporating  the  alkaline  solution  till  it  crystallises  ia  a 
mass,  or  passing  carbonic  acid  through  it  to  neutralise  the  free 

I  potash,  when  the  acid  urate  of  potiish  is  deposited,  and  is  waahed 
on  a  filter  with  cold  water,  in  which  it  is  very  sparingly  solublci, 
till  it  b  quite  white.  It  is  then  dissolved  in  boiling  water,  and 
decomposed  by  hydrochloric  acid  as  before.  I  have  described 
tlius  minutely  the  preparation  of  pure  and  colourless  uric  acid, 
bi'Oaiisc  none  of  the  very  interesting  products  derived  from  it  con 
be  obtained  if  we  employ  uric  acid  with  even  a  very  alight  tiuge 
of  colour.  The  presence  of  a  mere  trace  of  the  colouring  mattmr 
of  urine  I  have  found  to  exert  a  most  remarkable  infinencc-  on  the 
oxidation  of  uric  ooid  by  nitric  acid,  an  influence  which  I  "fn 
only  compare  to  that  of  a  ferment  in  causing  a  peculiar  decompoai- 
tiun  to  take  place. 

Urie  acid  requires  15,000  parta  of  cold  and  nearly  2000  of  Iiot 
water  for  aohitiun,  and  its  solution  nddins  litmus.  It  forms  aalta 
with  bases,  especially  with  the  alkalies  and  alkaline  earths,  all  of 
which  ore  insoluble  or  sparingly  soluble. 

The  salt*  of  nrio  acid  have  been  lately  examined  by  Bensdi, 
according  to  whom  the  common  urates  are  acid  salts,  while  the 
oq.  of  tlie  acid  is  only  half  that  above  given,  or  C.  N,  Hi  0»  = 
C.  N,  H  O,  +  n  0.  The  neutral  salts  are  d  X,  D  0,  -t-  M  0, 
•ad  the  ocid  salts  are  C,  Ni  H  0,,  M  0  +  C,  N,  H  0,,  H  0. 

FSenocb  hoa  obtained  the  neutral  salts  of  potash  and  soda,  which 
«re  much  more  sohibU'  tlian  the  well-known  urates  of  the»o  basM, 
acid  uratrt,  acconling  to  Ilcnsoh.  The  neutral  urate  of  pofaiah 
diawlvea  in  35  parU  of  hot  water,  is  alkaline,  and  ia  oouvcrlcd 
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Ill 


I  the  acid  salt,  both  bf  water  and  carbonio  acid.  The  acid 
BaJt  raqolres  86  parts  of  boiling  water  for  aulution.  The  urato» 
atwoiituro  less  soluble,  and  the  acid  urate  of  aninioiiia,  the  only 
•altCunaed  wiUi  tliis  boae,  disK>lvea  in  about  1600  parts  of  wat«r 
•t  CO',  ud  240  porta  at.  212°. 

The  only  other  uratea  liitherto  examined  by  Bensch  are  the 
aiad  aall-  h  tia,  lime,  barj'ta,  atruntia,  lead,  and  copper. 

It  wonhl  it,  adopting  hiti  formula,  the  nric  acid  bos  a 

loo-'  I'T  to  form  aeid  salts,  and  as  it  appeara 

•1»  .  it  is  not  easy  to  see  why  be  halve*  the 

fonuuU  of  L;<.  Li.j^  lor  LUe  bydrat4>d  acid ;  since  the  above  oharacteia 
an  thii*e  which  di>>tiuguish  bibaMo  acids,  and  it  would  appear 
Bore  OMuiatent  with  the  newly  observed  relations  of  tbe  acid,  to 
«Xpi«a»  the  Ibrmahi  of  Liebig,  do  N.  H,  Go  =  Cio  N.  IIj  0.  -f-  H  0 
by  Xha  foUiiwing  bibosio  form  C,„N.  H,0,  +  2  H  0  than  by  the 
mutobuia  farm  2  (C'sN>  U  Oi,  H  0).  If  we  adopt  the  bibosio 
iumuila,  thao  tho  goin'ml  formulio  fur  the  neutral  and  acid  salts, 
M  alwf •  gtvoD  by  Ileusch,  will  become,  respeotively,  C.Ni  11,0. 

+  JM0.andCw5.Q,0.-|-^^|  . 


I'ROtircTS   OF   TH«   OSIDATIOS   OF    URIC    ACFD. 

X/r^-  «.i".1  it  T.i-v  permanent  under  ordinary  circumstances,  but 
I'V  [•owcrful  oxidiung  ngvnts,  such  as  peroxide 
.....vAv  of  isonganuae,   percaftuganatu  of  potash,  and 

■  n  qfurie  acid  hy  peroxide  of  lead. — If  uric  acid  be 
vcuty  [lorts  of  boiling  water,  and  peroxide  of  loud 
B)  email  portions  to  the  liquid  kept  boiling,  the  brown 
the  oxide  disappears,  and  a  heavy  white  powder  is 
When  wo  have  added  about  two  parts  of  the  oxide  for 
ess  of  ttrio  arid,  or,  at  all  events,  when  the  oxide  k'gins  not  to 
kM  lia  bfowfi  colour,  the  hot  liquid  is  to  be  ftlfered,  and  on  cooling 
itdtpoMtxa  nuinlx-r  of  hard  brilliant  white  orystjils,  of  which 
Oan  ar  on  evaporation.      The  mother  li(|uid  at  lust 

Uj»l.dl;  I  "f  very  noluble  prinroatie  erysluU.     Tbcse 

U>1  first   eryntala   aro  Allaiitoino,  and  tlie 

per  :,  nixed  witli  a  littlo  corbuiiate,  and  vMi 

Ik:  .  I- the  products  of  tbis  oxidation  are, 

(Jr.  .\cid.     After  describing  alluntoino, 

US  tbaU  bo  abli-t^i  explain  the  reaction. 

A'!l-inU'i"r. — (.'.XjIUfti. — Stn.     .^//an/oiV  ^icu/.— This  body 
Wni  rved  in  the  allantoic  fluid  of  llie  fa'tal  calf,  which  is, 

In  t...... i.i"'  ''f  tlif  fuctul  animal.     Wben  ll.is  H.ilil  is  evuiHi- 


112  ALLANTOINE. 

raU'd,  it  deposits  crystals  of  aUantoine,  furmorly  called  alluttobj 
acid,  which,  however,  is  Dot  an  aoid.  Its  occurrence  in  the  allma-l 
toic  fluid — that  is,  as  an  in(rredient  in  urine — and  its 
production  from  urio  acid  by  a  process  of  oxidation,  are  fa 
very  great  interest  when  viewed  in  eonnection.  It  is  beat  obt 
from  urio  acid,  as  above  dcBcrib<?d,  or,  as  Wohler  has  roccntiy 
shown,  from  the  urine  of  calves  by  evaporation,  when  it  nrystallisco 
nut.  It  is  a  very  indili'ureut,  or  neutral  8u1>stanoo,  and  forms  few 
coraponnds ;  only  one,  with  oxide  of  silver,  bus  hvnn  dcsoribcd,  the 
formula  of  which  is  Cs  Ni  1I«0,  -f  Ap  O  =  2  en.  allaatoiae,  minns 
1  eq.  water,  and  plus  1  c^^.  oxide  of  silver. 

^^'hen  boiled  with  alkalies,  it  is  resolved  into  ammonia  irhidi 
ciicapos,  and  oxalic  acid  which  combines  with  the  alkolL  In 
fiict,  both  ollontoine,  Ct  Ni  -f-  Hj  Oi ,  and  oxalate  of  ammonia, 
t'«  0»  +  JN  If.  0  may  be  represented  as  formed  of  cyanogen  and  j 
water,  and  it  is  obvious  that  the  addition  of  3  eq.  of  water  to  I 
1  eq.  of  allantoino  giives  oxalate  of  ammonia,  for  C*  Ni  +  QsOt 
=  2(C,  0,  +  Nn,). 

We  can  now  explain  the  formation  of  olLmtoine. 

1  eq.  nric  soSJ =  Cio  K,  H«0» 

Plub  2  cq.  oxygen  itrom  2  eq.  Pb  Ot )  =  0»  1     _  «  _  - 

and  Seq.  water  ,  H4O,  /    H'"' =  "•'>« 

Together =Cii>N.B(Oii 

Are  equal  to  1  eq.  area =  C  NiB«Oi 

2  oq.  (ULOlic  acid ^  C.  0» 

1  eq.  allauloine  ....  =C«ITiBtO« 

TogeUicr  =C.uH,H.O., 
Ot,  in  the  form  of  an  equation, 
Co  N.H.O.  +  0,  +  H.O,  =  CN,H,0,  +  20,0,  +  C.K,H.O,. 

That  nllantoine  is  closely  related  to  uric  acid  aad  nroa,  ftirtlier 
appears  from  the  fact  that  1  e<i.  nric  acid,  1  eq.  urea,  and  I  eq. 
water,  added  together,  arc  exactly  equal  to  the  snm  of  ,3  to. 
nllantoine.  C,„  N,  n»  0«  +  C,  N,  H.  0,  -f-  H  O  =  Ci,  S»  II,  O, 
=  3(C.N.  H.O.). 

2.  Oxidation  of  urie  aeid  hy  peroxide  of  manganen. This  is 

pcrforrawi  much  as  tho  preceding,  and  there  appear  to  be  pto- 
duoed  compounds,  partly  the  same  as  tho*6  from  peroxide  of 
load,  partly  dillirent.  Of  the  latter,  one  at  least  is  orystnllisable, 
hut  ho*  not  been  sufBciently  examined.  Tha  8ubjc<ot  requires 
invp*ti)^tion. 

3,  By  fHirmanganate  of  [xitiith.—In  this  oxidation  alao,  some 
products  appear,  which  are  ebtaiucd  by  peroxide  of  lead,  such  M 


in  ftome  farm*  of  the  experiment  at  all  events,  oxalic 
have  also  olwcn't-d  tlie  formaliou  of  a  new  nt'id,  oon- 
mWugen,  the  precise  nature  and  oomposition  of  wliieh  is 
tyrt  tttrt^aincd. 

I.    .'  —This  mode  of  oiidation  of  uric  ncid  hiiB 

id    by  Liebig  aud  WoUler,  and   they  have 

Uia  ■  'J  very  large  number  of  new  and  ini{>ortaut 

imdlMIs, :  ti  iaugain  found  urea,  and  also,  under  e4;rtain 

'    acid.     The  changes  are  best  traced  when 

;  <jI  a  oousiderable  oonoentration,  of  8p.  G.  1-45 

for  cxuDiile,  is  employed. 

I,  AlUtxan. — When  uric  ncid  is  added,  in  small  portions,  to 
iM*  •olil.  it  is  diMolveil  with  a  gentle  and  uniform  effervescence, 
«liM  to  tb*  MCaiN*  of  pure  carbonic  acid  and  nitro^n  pises,  with- 
Mtt  aaj  tnM  nf  tlie  red  va]>oura  of  nitrous  acid.  Heat  is  also 
^^^MHlepMi,  M  that  no  external  heat  is  required,  and  it  may  even 
^^^^^Bqmscj  to  moderate  tlie  reaction  by  placing  the  vessel  in 
^^P^H^kter.  If  too  niuoh  uric  acid  be  added  at  onc«,  or  if  the 
^KadxtaM  be  allowed  to  get  too  liot,  a  violent  reaction  ensues, 
MOM&IMUUad  by  oopiuus  red  fumes,  after  which  the  experiment 
fsaaot  moMed,  and  mu.st  be  recumujenccd  ^-ith  fresh  materials. 
TSa  inticDoe  of  a  trace  of  the  colouring  matter  of  tlie  urine 
in&nibly  causes  this  violent  reaction,  even  with  a  much  weaker 
nitric  add,  and  thus  prevents  us  from  obtaining  the  desired 
mult,  ■virn  tu  a  small  extent.  In  all  these  cases,  the  vrhulo 
•aeH*  to  be  converted  into  oxalate  aud  carbonate  of  ammonia. 
Wkao  tk«  operation  is  [voiierly  managed,  aud  a  little  i>ractice 
■lakM  it  quite  easy,  there  appear  in  tlie  warm  liquid,  after  a 
^^^l^ia  quantity  of  uric  acid  has  been  dissolved,  grauular  crystals 
^^^^^■B  nrT  ooiupoond,  alloxan.  If  more  uric  acid  be  added,  it  ia 
^^HVceooapoMxl,  and  when  the  warm  liquid  (at  about  120°)  con- 
^Blaia*  A  gnsat  many  erystnln,  it  is  allowed  to  cool,  when  the  quan- 
^■^  tity  rf  ctjratala  gTX>atly  increases.  They  are  now  thrown  on  a 
Utar  atopped  with  ash4'stuk,  and  when  they  have  drained,  the 
mU  liqoor  still  in  their  jiores  is  displaced  by  a  little  ice-cold 
«*lar,  which  is  a<ided  till  the  drojipings  have  only  a  slight  acid 
ta«t<L  Tha  eryatola  are  now  dissiilved  on  the  funnel  with  water 
•(  lao*,  aod  tbe  filtered  solution  evaporated  at  that  or  even  a 
lovwr  l«t>ii«r»tar«,  till,  on  being  set  aside,  it  deposit*  large  tnuia- 
pamt  eryatal*  of  hydnted  alloxan,  which  are  chemically  pure. 
Th*  aoUicr  liquid  of  these  crystals,  being  gimlly  ev«i)orul<'d, 
yklib  nan,  and  tlm  tinal  motlicr  liquid,  which  is  now  rulher 
Mid,  from  nitric  acid,  is  added  to  the  oriirinal  acid  mother  li<iuor, 
to  b*  at«d  fur  other  purposes.  Ily  the  ntiove  pruooss,  I  have 
obtained,  without  difficulty,  upwards  of  from  90  \o  \0& 
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part*  of  hydrattd  bUoxao,  quito  ;  UKl  of   uric   artJ, 

brtddes    what  remains    in  the    tU'  !<1,   ftfld    mitnot  be 

extracted  in  that  form.  Xot  more  tluui  2  ox.  or  3  o<.  of  oitrir 
ocid  sliould  be  usi-d  in  one  operation,  and  this  quantity  will 
dwompost-  about  onc-thiid  of  its  weight  of  nrio  acid,  or  morv. 

The  crystals  of  hydrated  alloxan,  when  heated  to  '2V1',  loar 
nbout  27  p<T  cent,  of  water,  :=  6  ctj.  The  dry  or  auhydtviu 
alloxan,  which  may  abo  be  obtained  in  crystals  when  a  saturated 
falation  is  evaporated  in  a  worm  place,  is  composed  of  Ci  Vt 
lU  Oio,  which  explains  its  formation  from  nric  acid  ;  for  CtnXt 
H»  0„  +  0,  +  n.  0.=  C,  N,  H.  0,0  +  C,  N,  II.  O,:  thjitia. 
uric  acid  plut  2  eq.  oxygen  and  4  oq,  water,  yields  1  eq.  nl !'«;»»« 
and  1  eq.  urea. 

The  urea,  when  formed,  is  in  oontoot  with  hyponitrooi  seU 
(derived  from  nitric  ocid  by  the  separation  of  2  eq.  oxygen,),  tai 
is  iinmcdiatcly  decomposed  by  it,  yielding  oxide  of  ummoniva. 
wliioh  combines  with  some  free  nitric  odd,  carbonic  ocid,  and 
nitrogen,  which  two  lost  escajfe  as  gases,  C>  Ni  H>  C>i  -)-  K  Oi 
s=  N  IJ4,  O  +  2  C  0,  +  Nj.  At  the  end  of  the  oporntion,  there- 
fore, the  acid  liquid,  which  has  deposited  cryf^tals  of  alloxan, 
contains  nothing  but  alloxan,  nitrate  of  ammonia,  and  free  nitric 
Bcid.  We  may  tlierefore  express  the  final  result  as  follows: 
Co  N.  H.  0.  +  2  (II  0,  N  ( », )  +  2  H  0  =  C'»  N.  H,  Om  -♦- 
(N  H*  0,  NO.)  +  2  CO.  +  N,. 

Alloxan  is  very  soluble  in  water,  also  in  alcohol.  Its  solution 
htains  the  skin  pink,  and  gives  to  it  a  hea^-y  eickly  odour.  Its 
tnstu  is  peculiar  and  almost  acidulous ;  but,  allhuugh  it  redden* 
litmus,  it  hits  not  the  chemical  characters  of  nn  acid.  It  tJ  ■ 
very  r<-mnrkablc  substance  from  tlie  numerous  transformation* 
which  it  undergoes,  when  subjected  to  the  ftotion  of  dii&rcnt 
ro-Rg«'nt4i. 

Ify  the  action  of  soluble  fixed  alkalies,  it  is  eonvort<<d  itiU>  • 
powerful  acid,  alUixnnic  acid :  by  the  action  of  ammonia  it  yield* 
another  acid,  mykomrlinic  acid :  boiled  with  peroxide  of  lead,  it 
is  oonvorled  into  urra  and  carbonic  acid :  by  boiling  with  nitric 
acid  it  is  chatigi-d  into  a  new  and  iwwcrful  ncid,  parahunic  odd  : 
by  the  action  uf  sulphuretted  hydrogen  and  other  deoxidiiing 
bgonbi,  it  yields  a  new  compound,  allujcnutine ;  with  hyilnMuJ- 
})hurt<t  of  ainmotiia  it  gives  a  new  salt  called  diahirate  (if  ammonia  : 
with  sulpburoiiv  aoid  it  combines,  forming  a  compound  acid; 
alloxuito-iulfihiirotm  acid  :  and  witli  sulphiti^  of  ammonia  it  forms 
I  another  new  salt  eulh-d  lliionurale  of  ammonia.  Such  are  the 
Oom|K)un(li  fonned  by  tin-  direct  neliou  of  re-agents  on  ollozaa ; 
but  many  dllicra  are  produced  by  the  action  of  re-ugents  on  tlieM 
(iugly  or  jointly.    Thus,  wL»a  oliuxon  and  olloxanline  ore  botti 
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tn  a  hot  solation,  ammonia  causes  the  <li:>voloiim<n)t  of  a 
deop  jmrple  colour,  and  the  deposition,  on  cooling,  of  tlie  gold 
gtt«aeryfAal»  of  murfride  ;  acids  aotiug  on  thinnurntc  of  nnmi<>Dia 
firodaoe  thionurir  neitl,  uramil*  and  uramiUr  ocul ;  acids  acting 
oa  murexidif  iiroducc  miirezan ;  ncidx  actiiiu:  on  dialuratc  of 
■mmonin  separate  diaturic  acid :  ammonia,  ontin^  on  parabanio 
■eid,  eotiTcrUi  it  into  a  new  acid,  ozulitric  acid :  and  by  the  action 
of  heal  on  alloxanute  of  borrta,  another  new  acid,  mctnralic  acid, 
i»  pttiduced.  Alloianic  acid,  when  hi  ated,  yields  Uumttiric  acid 
and  dijtuanj  and  aljoxantine  when  boilid  wtli  no  acid 

yields  alHarie  and  dililuric  acidt.     We  shall  ^  i    briefly 

to  trace  the  formation  and  the  lelations  of  thciie  rviuarkablo 
irtiduct*. 
2.  .  -fciVf.— Its  forranla  C,  N,  H,  0,  +  2  H  0.     It  i* 

eTcl  .  i'>  with  alloxan,  and  differs  from  it  in  this,  that 

2  cq.  water  have  liecflme  basic,  and  replaceable  by  metallic  oxides. 
t  is  a  bibosic  acid.  It  is  formed  when  solution  of  alloxan  is 
ed  with  barytic  water,  as  long  ns  the  white  precipitate  first 
med  redisMiIres  with  a.  gentle  heat.  When  it  begins  to  bo 
permanent,  a  drop  or  two  of  alloxan  is  added  to  clear  all  npj 
and  on  cooling,  alloxanate  of  baryta  is  defwiited  in  small  white 
crystals.  From  this  salt  the  acid  is  obtained  by  adding  sulphurio 
jj,:  1  .._  ^   separate   all    tho   baryta.     The  acid  solution  on 

1  .  .-  yieldJs  crystals  of  alloxanic  acid.     The   acid,  when 

nitiir.iii"(i  by  ammonia,  forms,  with  nitrnto  of  silver,  a  white 
predpitAte,  which,  when  boiled,  Iwcomea  yellow,  and  is  redaoed 
~  socnce.  ^VTien  the  solutions  of  its  salts,  with  bar}-ta, 
-trontia,  are  boiled,  they  become  turbid,  depositing 
.axlxiUiit*,  while  urea  and  a  mesoxalate  remain  dissolved.  The 
farmula  of  the  neutral  aQoxanates  is  C«  >'i  IIi  Os,  2  M  0  -f-  ai^. ; 

that  of  the  add  solta  is  Cs  I^i  Hi  Os ,  ^^  ^  | 

-  lias  lately  studied  the  salts  of  alloxanic  acid,  and  has 
!ie  view  above  given.     But  he  has  alwi  exainineil  the 
products  oi  decomposition  of  this  acid,  which  :tre  remarkable. 

When  a  solution  of  alloxanic  acid  is  l^oilcl  to  dryness,  and 
prMty  stwngly  heated  in  a  capsule,  carbonic  acid  is  given  off; 
and,  wfacn  at  last  the  residue  ceases  to  yield  any  gas,  and  flows 
■mootUy,  Uic  addition  of  woter  causes  tlie  separation  of  a  crystnl- 
Hnr  iuTT  ]•  r  in  small  quantity,  wliich  is  Icucoturic  acid;  whfle  the 
ins  a  neutral  Irody,  dijtuan. 

.,.  J; laric  acid  is  white  and  crystolUne,  sparingly  soluble, 

•111  not  decomposed  by  nitric  acid.     It  is  dissolved  by  nramoniii, 
witlt  which  it  forms  a  erystoUisable  salt,  and  by  jtotosh,  wliich, 
soon  transforms  it  into  oxalic  acid  and  ammonia.     Its 
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eomposition  is  Ca  N«  Hs  0«  =  C»  N.  H«  Oi  +  H  O.    It  oont 
the  elements  of  2  cq.  cyanogen  C*  N» ,  1  cq.  oxalic  acid  C«  0» ,  i 
3  eij.  water,  Hs  Os .   Willi  tlirt-o  more  etii.  of  water,  it  is  molvod,] 
wbeu  acted  on  by  potash,  into  oxalic  acid  and  ammonia. 

CoNsHsO.  +  8HO=2(NH.)  +  8(CfO.). 

4.  Difluan,  the  more  soluble  product  of  the  decompoaitioa  uf  1 
allosanio   acid,   is  precipitated   from    the  aqueous   solntioa  byf 
absolute  alcohol  as  a  flucoulent  moss,  which  in  vacuo  dries  up  Ui 
a  light  bulky  white  powder,  which,  when  exposed  to  the  air,  very 
rapidly  deliquesces ;  henoe  its  name.     It  is  an  iudiiferent  body, 
M'hioh  is  dissolved  by  potash,  and  rapidly  deoom|)ost?d  in  oontact  J 
with  that  base.     Its  composition  is,  d  Na  H4  0>,  thus  contaioiui^J 
1  cq.  of  hydrogen  more,  and  1  eq.  of  oxygen  less,  than  leuootoriol 
acid.     When  it  is  resolved  into  oxalic  acid  and  ammonia,  oxygeni 
is  probably  absorbed  from  the  air,  unless  hydrogen  be  given  ntT, 
or  some  other  new  product  formed.     Thus  C«  Nj  H*  Os  +  2  H  O  j 
+  Oj  =  3  (C»  Os)   +2  (N  Ih).    This  reaction  has  not  beeal 
fully  studied;    but    oxalio    acid    and    ammonia    are    oert&inlyj 
produced. 

Sohlieper  has  observed  a  third  product,  along  with  Icaootnris  ^ 
acid  and  dilluan,  which  appears  to  contain  1  eq.  of  hydrogen 
more  and  1  eq.  of  oxygen  less,  than  ditluan.    This,  however,  I 
i.s   not  established,   from  the  small  amount  of   the    substanoo' 
obt.iined.    The  three  formula  exhibit  the  invetM  Tariation*  ia 
the  hydrogen  and  oxygen.  « 

Iieacotario  acid  .     Co  N't  Rs  Ot  ^^^| 

Diflunn CoKiII.Oi  ^^^1 

The  tliird  product         ....     C'NiUiO.  ^^^| 

The  formation  of  leuooturio  acid  and  of  diflaan  from  alloxanio 
acid  ia  Teiy  simple. 

1  eq.  leueoturic  acid  .        .        .     .  O  Ni  H>  0« 

leq.  .Ufliiaa C  NiH.O* 

4  eq.  eartioaie  t«id C<  Oi 

1  eq.  water HO 

2  tq.  alloxamc  aoid Cm    N,H*Ow 

5.  Ilt/tlurilie  Acid. — In  the  pr«{HU«tion  of  alloxan,  Sdilieper, 
on  one  occasion  obtained  a  new  body,  which  proved  to  be  tho 
ammonia  salt  ufa  new  ocid,  hydurilic'acid,  Cn  Nj  U!,t)ii  .  U  ia 
a  bibaaio  acid,  =  Cu  >»  H,  0»  +  2  H  0.    It  forms  minute  white 
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jlj-  soluble  in  oold  wnUir.     It  may  be  viewed  ns  a 
itur  and  arylo  (C.  Kt  0.).  for  3  (C,  it,  0.)  + 
"'   H»  On).     Ileuce  its  name. 
It  is  <  rmod  by  an  incomjiltte  oxidation  of  uric  acid, 

bot  SehJi'  'I  ablp  to  rcjiroduct-  it. 

Witb  ii  it  yields  a  new  ncid,  Nitrohydurillo  aoid,  of 

I I  oborafter,  the  empirical  formula  of  wkicii 

III  Oi,.     This  is  equal  to 


1  cq.  Uryle 
J  e().  5ilrio  AeiJ 
i  n).  Oxfgea 
««|.  Water  . 
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C.N. 

Oi 

N 
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OuN. 
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•  «j.  ».'ivi;rM      ,  , 

3  aq.  Kilnilijilarilie  Arid 


ficUiBpcr  l)n«t  fnrthpT  detected,  in  the  same  operation,  in  whlA 
■ho   acid,    another   new  aeid,    of  wliieh, 
Its  einpincol  fonunla  wob  found  to  be>, 
ll  liua  not.  been  named. 

jlriit.  -  Obtained   in   combination  with   bar}'ta, 

-I  1.'.    ■  I  1  11  ■  1.1 ;  or  oombinud  with  oxido  of  lead, 

ii..vj,i  in    .■'iiiiiiii,  to  a  boiling  solution  of  acetate 

Itftd.     tt'lui  baryta  lalt  is  pale  yellow,  and  sparingly  soluble  ; 

lead  lalt  whlt«  and  insoluble.     The  former  is  C>  Ot  j  ir^  q 

tk*  lBtt«r  Ci  ()i ,  2  I'h  O.     The  acid  may  be  obtained  from  oitiicr 
at  thetm  nlla ;    it  ^,   is   very   sour,   and   is   probably 

hOmde,  and  lioa,  al  iv,  the  funnula  d  O.,  2  II  O.     In 

tkit  ••*(*,  tb«  anhydrous  acid  is  very  remorkahU  a>  a  now 
of  oarbon  and  oxygen,  of  the  same  oUa*  as  mellitie 
I)  oxalic  acids ;  hi'UO«  the  name.  It  is  charaolerisod  by 
rhcn  urutruiisiKi  by  ammonia,  witli  nilruU.'  of  silrtT, 
pncipitutc,  which,  wht-n  heated,  is  n^dueed  with 
'  -*■■—  -nice.  This  is  evidently  the  cause  of  tlio  roa«tiua 
uf   ;  u'id,    above    mentioned,    with   nitrate  of   silver. 

lU*v^.uj>  KeiU  deserves  and  requires  u  very  careful  invosti- 
^atioo.  lU  formation  from  alloxan  or  alloxauio  acid,  if  its 
b«  C>  0*,it  TBry  eoidiy  explained:  for  1  cq.  alluxuo. 
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minus  1  ei{.  uroa,  ^ves  2  eq.  mesoxalio  auid.     Cg  Ni  II«  Oit 
— C,  N,  H.  0.=Co  0^=2  C,  0.. 

7.  Mylionulinic  Aciil — Cs  N«  II»  0» — IB  formed  when  ammo- 
nia rioU  ou  sdlutiua  of  idluxaa ;  when  a  yellowish  Kx^luUnuut 
pn'oijutatv  of  mykomeliuate  of  ammoaia  sooa  np[>curs,  Thi* 
boiled  with  diluUs  sulphurio  acid  yields  a  similar  yellowish  pre- 
cipitate, which,  when  dry,  forms  a  powder  sparingly  soluhlo  ia 
oold,  more  readily  in  hot,  water.  It  is  decidedly  aeid.  It  U 
mykomelinic  acid  formed  by  the  reaction  of  2  eq.  of  ammonia  oa 
1  eq.  aUoian.  Cs  N,  H.  0,o  +  2  N  H,  =  Cs  N.  H.  0»  +  5  H  O. 
It  would  appear  to  difler  from  allontoine,  only  by  1  ecj.  of  wat«r ; 
for  2  ecj.  of  allautoino  are  Cs  N4  Ho  Og . 

8.  Parahanic  Acid — Ca  N«  Oj  +  2 II O — is  formed  when  olluzas 
or  uric  acid  is  heated  with  an  excess  of  nitric  acid,  and  the 
solution  concentrated  until  on  oooling  it  forms  a  soft  crystalline 
mass.  This  is  dried  on  a  tUe,  and  the  dry  crystals  aro  purifted 
by  solution  in  hot  water,  filtration,  and  recrystollisation.  A 
largo  quantity  of  porabauio  acid  may  cosily  be  obtained  from 
the  acid  mother  liquors  of  alloxan.  When  pure,  the  acid  is 
beautifully  white  and  crystallised,  very  acid,  and  very  soluble. 
It  is  characterised  by  its  great  permanence  in  the  free  state,  for 
it  may  be  boiled  with  nitric  acid,  as  its  preparation  shows,  and 
at  the  same  time  by  its  extreme  proneness  to  change  in  contact 
with  bases.  Thus,  if  neutralised  with  ammonia  in  the  warm 
solution,  it  deposits,  on  cooling,  a  ctystoUiscd  salt,  wliich  is 
oxalurate  of  ammonia.  The  same  change  takes  place  with  all 
baaea  except  oxide  of  silver,  so  that  the  parabanato  of  silver  is 
the  only  salt  of  this  very  powerful  and  remarkable  acid  which 
can  be  obtained.  To  be  converted  into  oxalurio  acid,  porabania 
Boid  only  requires  3  eq.  of  w^ater.  The  production  of  parabaais' 
aoid  is  Very  simple.  1.  From  uric  acid.  CioN»H,  Oo  4-Oi 
+  II,  0.  =  C\  N,  n.  <),  +  2  C  0,  -f  C.  N.  0.,  2  n  0. 
2.  From  alloxan.  C,  N,  II,  Ojo  +  0,  =  2  C  0,  +  2  H  0  +  C 
N,  04,2110. 

0.  Oxaluric  Ac\d,—Ct  N,  H,  0,  +  II  0.— Formed  by  Uw 
action  of  bases  on  parahanic  acid.  C<  Ni  O4  -t-  K  0  +  3  H  O 
^  Cs  Ns  Un  Ot  ,  K  O.  The  acid  b  obtained  by  adiiing  dilute 
sulphuric  acid  to  a  hot  saturated  solution  of  oxalurate  of  ammonia, 
]irepared  by  the  action  of  ammonia  ou  parahanic  acid.  Ou  cooling, 
thi'  iixoluric  acid  is  deposited a$  a  heavy  white  powder.  When  long 
bolloj  in  water,  it  is  decoiujtoBed  into  oxalate  of  urea  and  frvo  ox- 
alic acid.  In  fact,  it  oontaina  the  elements  of  2  eq.  oxalic  aoid 
and  1  cq.  urea.  2  Ci  O,  -f  C  N,  H«  Oi  =  C^N.H,  (.>, ,  H  rj. 
It  is  also  chuniutcriaed  by  forming  with  oxide  of  iiilvcr  n  white  »alt, 
which  di^iulvvb  iu  hot  wutvr,  and  orystalliMS  beautifully  on  cooling. 
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V.  onid— X  Hi  0  4-  C«  S.    lU  0,— is 

anu<  iuQ  of  alloxan,  or  aUuxantine  in  water, 

uric  aciii   iu  nitrio  acid,   ia    evaporatvd    with   e.\o«ss  of 

and  wkvre    culouring    matter    is    present,  an    wliuti 

aBUBunia,  is  ma<]u  tu  act  on  the  acid  in  tlie  motiier  li(}uor«  of 

^alloxan,    tlio   yxaiurat*'   is  often    (U'[>oftite<l    in    radiated  hcuii- 

fiherical  c<.incretio[iii,  which  sometimes  attain  the  eixu  of  an  inch 

tiro  in  diameter,   and  are  very  hard.     When  decoluriHed   by 

ual  dmreoal,  it  forms  small,   soft,  tiexiblu  needles.     I  hav* 

thnt   ilil,   K-ilt,   when  eipow.d  to  heat  in  a  retort,  yields 

ia,  ic  aoid,  and  much  oxamide,  besides  wat«r, 

crha,  1  .iduots,  nhile  a  dark  residue  is  left. 

IU.  ^1'  'iroiu  Acid, — When  to  a  cold  saturnted  soln- 

ioa  of  a  ti.'  is  added  a  ntrong  solution  of  sulphurous 

tcid  in  «..  smell  of  tlio  acid,  which  at  tirst  disappears, 

>5me«  {iiiuai.iut,  and  the  mixture  is  now  neutralised  by  the 

dditioa  of  a  strong  solution  of  potash,  avoidiii^^  oxcect  of  t]i« 

r,  it  '-         '  l.s  on  standing,  as  I  have  tuund,  regular  and 

ful  L  rfectly  transparent,  and  of  a  strong  vitreoua 

i  I.  the  potash  salt  of  a  new  acid,  which  may  be 

All"-\j;!     uijihurous  acid.     The  acid  ia  not  yet  known  in 

ejiarate   form,  but  it  appears  to  contain   I   oi|.   of  alloxan, 

,  to  two  of  ^iilphiirous  acid.  This  acid  requires  investigation. 

11.   r/w  '!:Si  Oi.=(G,NjH*U,,2SO>)  + 

1  liO — i-  •  of  nmuionia,  with  excess  of  base, 

^1,  and  the  whole  boiled  for  a  few 
ar  in  the  hot  liquid.     t>n  cooling 
fiirms    a    scmi-solid    mass,   from    the    separation    of  a  large 
intity  of  tliiouurate  of  ammonia  in  beaatifal  silvery  crystals, 
irldc'h  are  to  be  washed  with   cold  water,   and  dried  on  a  tile, 
this  salt  thionurate  of  lead   is  prepared,   and  this,  being 
BpoMMl  by  sulphuric  acid,  yields  thionuric  acid.     The  acid 
illisabie,  but  very  soluble.     It  is  bibasic,  and  contains  the 
reU'meats  of  1  cq   alloxan,  1  cq.  ammonia,  and  2  eq.  sulphurous 
I  Bot  however  as  suah,  fur  the  eltimeuta  of  2  eq.  water  have 
1  tlu?  basic  form. 
It*  noit  striking  character  is,  that  when  its  solntion  is  heated 
btcomea  turbid   frt»m  tho    do|>osition    of    a    new   coni|iound, 
'Jo,    and  in  the  liquid   laljihuiic   acid   nitiy  now  be  fouud, 
lluoh   «■»»   uot   previou&ly   present.     Ct  if*  U"  Os   +  2  8  Ui  = 
X.  II»  <>•-)-  2  S  Oj  ;    so  that  the  sulphurous   acid  obtains 
xygvtt  from  tiie  rmt  of  the  uoid,  and  becomes  sulphuric  acid, 
:  nrHmile,  Ct  >'i  FI»  (h, 

luraU  of  Ammonia-Ay*  N.  II*  0»,  2  8  Oi)  +  2N  H*  O 

'  %  nq^. — is  formed  ns  above  ilescribcd.     When  it*  solution  is 
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mixed  with  J  cq.  of  hydroehlorio  acid,  hnlf  the  nmnioniu  ii 
removed,  and  by  evapototion  we  obtain  acid  thiimurate  ofnin  ninniii 
in  minute  silky  needles.  But\rhen  the  hot  solution  of  tliiunutatd 
of  ammciiia  is  mixed  with  an  excess  of  acid,  tlio  thionuric-  aei>l 
is  set  fn.'o  and  iu^tiintly  decomposed,  nrniuilu  being  ^«poait«d. 
Little  is  known  of  the  other  thionurates. 

12.  Uramile,  C«  Nj  lis  0» . — Its  formation  has  been  dcterflMd 
aboTC.  It  occurs  either  as  a  crystalline  powder,  or  in  dendritio 
or  feathery  crystallisations,  of  very  beautiful  aspect.  It  di»> 
soItcs  in  ammonia  and  potush,  and  the  solution  absorbs  oxygon, 
becoming  jmrjilc,  and  depositing  green  crj'stals  of  murcxiiic^ 
or  of  potassiuni-niurexide.  When  boiled  with  peroiidr  of  mer- 
cury, and  a  very  little  ammonia,  it  is  also  oonrert«d  into 
murcxide.  lloiled  with  oaustio  potash,  or  with  dilute  ocida,  it 
is  said  to  yield  nramilio  aoid, — Nitric  Boid  re-converts  it  into 
alloxan. 

13.  Uramilie  Acid, — Obtained,  by  Liebig  and  WShler,  bjr  e*t- 
porating  acid  thionurate  of  ammonia,  or  uramile,  with  dilute 
s\i]phiiric  acid ;  also,  it  is  said,  by  boiling  urumile  w  ith  potash. 
It  appeurod  to  these  chemists  as  fine  prisms,  very  soluble  in 
water,  and  its  analysis  indicated  the  formula  Ci«  X»  Hio  Ou; 
which  uiight  be  deiivcd  froin  2  eq.  uramile  by  the  los«  of  I  eq. 
ammonia,  and  the  addition  of  3  eq.  water.  2  (Cg  Ns  H«  0«)  -f 
2  n  0— N  II»=  Ci«  No  Hio  Ou.  But  this  acid  has  not  been 
again  obtained,  and  its  existence  Ls  still  doubtful. 

14.  Alloxaiitinc,  C«  Ni  Us  Oio. — Obtained  in  large  quantitj  by 
diluting  the  acid  mother  liquid  of  alloxan  with  3  or  4  parts  of 
water,  and  passing  a  current  of  sulphuretted  hydrogen  l,hric»tigli 
it.  In  a  short  time  sulphur  is  deposited,  and  then  wliiU'  oryttAli 
of  alloxantine.  When  a  large  quiintity  has  formed,  it  is  coUeeted 
with  the  sulphur,  on  a  filter,  washed  with  a  little  cold  waUr, 
and  the  filter  with  its  contents  then  boiled  with  a  large  quantity 
of  water.  The  solution  filtered  while  hot,  and  with  tlit'  additioo 
of  a  few  drops  of  hydrochloric  acid,  deposits,  on  cooling,  a  large 
crop  of  pure  crj-stals  of  alloxantine.  The  acid  liquid,  llltervd 
from  the  first  deiKisit,  often,  on  standing  a  day  or  two,  depo«d(s 
a  large  additional  quantity  of  alloxantine.  This  always  happens 
if  too  much  sulphuretted  hydrogen  has  been  nsed  ;  for  that  con- 
verts tbo  alloxantine  partially  into  dialuriu  acid,  which  is  more 
soluble,  but  by  absorbing  oxygen  from  the  air,  is  roconvetted 
into  alloxautiue,  and  thus  ilepositt-d. 

Alloxantine  may  also  Ira  obtained  by  deoxidising  a  pnre  ioIq- 
tion  of  alloxan,  either  by  sulphuretted  hydrogen,  or  by  other 
dcoxidifiing  agimts  :  or  by  hearing  a  solution  of  alloxan  to  the 
boiling-point,  either  by  itself  or  with    tho  addition  of  dilute 
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lids,  when  alloxantinc  is  formed  and  deposited  on 
Jul  tb«  procoBS  alK>TC  girun  for  convprtin);  into  ollox- 
the  alloxan  of  the  acid  mother  lii^uor,  which  cannot  be 
purified  by  crrstjiUisation,  is  so  productive,  and  yit-lds  olloxontioe 
■o  pure,  tbut,  if  we  hare  to  prepare  alloxan,  we  need  neret  be  at 
for  oUuxautine. 

0  formation  uf  olloxnntine  from  alloxan  by  sulphuretted 
is  easily  explained,  for  these  compounds  only  diil'er 
|>lydrogen,  which  the  alloxan  takes  from  sulphuretted 
Oxidising  u^nts,  by  converting  thu  hydrogen  into 
,  readily  reconvert  alloxantine  into  alloxan.  C*  Mi  II«  Ou 
►=  II 0  +  O.  N.  H.  0,* 
Wliea  the  crptals  of  alloxan,  with  7  eq.  of  water  of  crystal- 
are  not  so  permanent  as  the  usual  forms,  arc 
slightly  moist  state  (or  perhaps  when  moistened  by 
tion  of  port  of  the  water  of  crystallisation  at  a  certain 
tmiipnrahint)  they  undergo  a  gradual  change,  the  result  of  which 
the  formation  of  a  large  quautitv'  of  pure  alloxantinc,  along 
at  least  one  other  substance,  more  soluble  in  water  and 
lliMible.  This  substance  has  acid  properties,  but  1  bare 
en  able  to  complete  its  examination.  The  production  of 
xantino  from  alloxan  in  tltis  cose  is  not  yet  accounted  for, 
r  6a  we  know  what  liecomes  of  that  portion  of  the  alloxan  which 
I  hydrogen  to  the  rest,  to  couvort  it  into  nlloxautlne.  lh>' 
dy  has  many  pro^ierties  iu  u<immnn  iivth  with  alloxan  and 
(Dtinv,  but  it  must  diilcr  from  them  in  com^iosition. 
oxontine  forms  white,  hard,  brilliant  crystals,  which  never 
xc««d  B  certain  small  size.  It  is  very  sparingly  soluble  iu  Cold 
r,  much  more  so  in  hot  water.  Its  solution  is  characteriKd 
by  giving  with  solution  of  barjta  a  deep  violet  precipitate,  which, 
excess  uf  baryta,  changes  to  white;  and  by  instantly 
Bg  nitrate  of  silver,  forming  a  black  powder  of  silver,  the 
utinc  passing  into  alloxan,  or  oxalurio  acid.  The  crystals 
of  alloxantine,  heiitcd  to  30()',  lose  3  eq.  of  water. 

la  the  preparation  of  alloxan,  it  is  necessary,  as  has   been 

■t«t<rd,  to  Ih'  very  careful  that  the  first  solution  of  the  crystals 

ii.  u:  acid  should   not   be   heated   too   strongly, 

■*e,  :  ition  contains  free  nitric  acid,  alloxantine  is 

nrd  ut  ii  L4 1  t-uu  temperature ;    and  besides,  even  a  pure  solu- 

of  alloxan,  if  boiled,  is  partly  converted  into  alloxantine. 

ction  of  diluted  nitric  and  other  mineral  acids  on  alloxan 

luoe,  from  "2  prj.  alloxan,   1  eq.  olloxantine,  3  eq.  oxalic 

il  fq.  amri  1  1  eq.  cyanic  acid,  tlie  latter,  with  3  eq. 

r,   (troduc'ii^       nate   of  ammonia.     When  solution  of 

tan  )•  boiled  alooe,  it  is  oooTerted  into  alloxantine,  parabania 
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»cid,  and  carbonic  acid.    3  (Cs  Ni  H«  Oio)  =  2  (C  St  H,0,o)  + 

iC.  N,  U,  O0+2CO,. 

In  all  these,  or  in  similar  casus,  tho  presence  and  the  rcUtire 
pro[>ortiun  of  ttUoxontiue  contained  in  alluxon  at  any  periud,  nu; 
be  judged  of  by  the  colour  of  the  preci[)iUilo  formi'd  in  borrta. 
If  puro  white,  no  alloiantine  is  present;    if  slightly  pink,  it li 

,  present  in  small  r|uuntity ;  if  deep  violet,  uU,  or  iioarly  all,  the 

t  alloxan  has  been  converted  into  alluxantLne. 

It  is  M'heu  both  alloxan  and  alloxantine  are  present,  that  ikt 
addition  of  ammonia  produces  tho  deep  purple  colour,  and  tltc 
green  crystals  of  murexido.  When  amm(juia  aotji  on  alloxantini' 
alone,  it  gives  rise  to  uxamile,  and,  iiuolly,  to  oxalurute  ot 
ammonia. 

One  most  remarkable  change  which  alloxantine  nndergoes  it 
that  caused  by  the  further  action  of  sulphuretted  liydmgeu.  ]( 
that  gas  be  passed  through  a  hot  solution  of  alloxautiuo,  sulphur 
is  preuipitatud,  and  an  acid  liquid  is  obtained,  wliicb,  if  neutra- 
lised by  carbonate  of  ammonia,  forms  a  salt  in  toil  white  silky 
crystals,  the  dialurate  of  ammonia.  Alloxantine,  by  the  action  of 
hydrogen,  which  removes  1  eq.  oxygen,  is  converted  into  dialurio 
acid. 

15.  Dialuric  Acid,  C  N,  H,  0,  +  HO  =  C»  N,  H.  Os— pio- 
d\iced  by  the  action  of  sulphuretted  hydrogen  on  alloxantine, 
C,  N,  Hi  Oio  +  H  8  =  S  +  2  H  0  +  C»  N,  H.  O,.  It  is  best 
obtuiued,  in  combination  with  ammonia,  by  adding  a  slight 
excess  of  hydrosulphuret  of  ammonia  to  a  sulutiuu  of  alloxan 
or  alloxantine,  when  a  copious  orysUdliue  prveipituto  appears. 
This,  when  boiled,  dissolves  in  the  liquid,  au<l  on  oiKiling  is 
dc{x>sitod  in  minute  silky  prisms,  which  are  white,  but  in  drying 

,  become  piuk  or  even  deep  red.     They  shoidd  be  washed  on  the 

'filter,  iirst  with  diluted  liydroaulphuret  of  auuuouiu,  then  with 
alcohol,  to  which  a  little  hydrosulphuret  has  been  added ;  aiui 
lastly,  with  pure  alcohol,  and  dried  by  pressure  in  blutting-papcr 
and  in  the  vacuum  of  tho  air-pump.  They  may  tlius  bo  ubtaineil 
vliite,  or  very  nearly  so  ;  and  when  once  quite  dry,  they  are 
permanent,  ^\'hen  this  salt  is  dissolved  in  hot  and  modontaly 
strong  hydrochloric  acid,  crystals  of  diuluric  ucid  ait>  depositad 
on  oooling.  These  crystals  resemble  somewhat  those  ol  alloxoutino, 
but  are  larger,  and  not  so  brilliant.  Their  solution,  and  the 
crystals  themselves  under  water,  absorb  oxygen,  and  ore  soon 
ohunged  into  alloxantine,  from  which  dialuric  acid  only  dilten  by 
1  eq.  oxygen  and  I  eq.  water. 

Diiituric  acid  is  a  powerful  acid.  Ita  salts  are  iniolubla  or 
»]iaringly  solubli-,  and  only  perniiinent   in   the  drj'  state.     Th« 

tliJAluralc  of  iininiouiu,  above  dc»crit>ed,  is  the  uual  iulerostinif. 
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mturie  Acid. — TliiB  acid  is  formed  when  alloxantiiio  u 
*'«rilb  liydruolilurio  dvid,  suid  was  ducovercd  by  Solilieper. 
Itb  akiluble  ill  1  j  or  20  piirta  uf  hot  water,  and  is  d^iwsited  ott 
•otiiog  aa  a  bulky  cn'sitaliiiit!  {>uwder.  It  is  not  altered  hy  uitrio 
Mid.  \U  formula  i£  C«  Nt  Hi  0.=  Co  N.  U.  0>  +  U  0.  When 
kMUd  vilb  polaab,  ammonia  is  diien^'a^tid,  and  the  addition  of 
U  MBI  eausM  m  precipitate  of  a  new  body,  apparently  composed 
I  ^t  VU  0»  +  K  0.  Such  u  body  might  be  formed  from 
iturio  acid  +  4  eq.  oxygen  -J-  2  eq,  wat«r,  the  whole — 1  eij. 

17.  DUUurie  Acid. — This  is  found  in  the  liquid  obtainod  when 
Um  {rwcding  acid  is  puritiud  from  aUoxantine  by  uitrio  acid,  in 
ugirtinttitm  with  aminouia.  The  acid  retaioa  the  ammouia  with 
that  it  has  not  yet  be«u  obtained  in  a  separate  form. 
1  salt  is  Ci  Ns  II  Us  +  N  U>  0  +  11 0;  and  the 
I  MjfOMMl  to  be  bibosio,  Cs  X>  H  O9  +  2  H  0. 
fr^Mbly  a  eou^dvd  acid,  for  it  ooutains  the  elements  of 
panic  acid,  2  eq.  carbonic  acid,  and  3  eq.  water.  'S  (Ci 
■  Hi  0»  +  3  n  0  =  C"»  Ni  li,  Oio.  The  silver  salt  explode* 
rhich  is  rather  favourable  to  this  view. 
ir.  8rN.  I'urpurata  of  Ammonia. — Formed,  as 
■Istsdy  asimlioued,  when  anuuuuia  acta  on  a  solution  containing 
Iwlii  ilW^'l*  and  alloxaatiiie,  which  explains  ita  pruduotiou  whou 
»»i»ni»U  ]s  added  to  the  solution  of  urio  acid  in  dilute  nitric  acid, 
alUr  «Tap«irati(ia  to  a  certain  extent ;  also,  when  uramiU  or 
■nvxan  is  boiled,  with  red  oxide  of  meroory  or  oxide  of  silver,  in 
valir,  with  a  few  drujis  of  ammouia,  or  when  uramile  or  murexan 
is  disaulvwd  in  ammouia  and  ex{K>sed  to  the  atmosphere ;  aud  iu  a 
gteat  Tariidy  o(  uircumsUuioes  from  all  the  preceding  oompounds, 
or  nearly  all  of  tham. 

(>n  thu  small  scale,  4  grains  of  alloxantine  and  7  grains  of 
byiirattd  allcxan,  arc  dissolved  together  in  J  oz.  by  measure  ol 
WBtw  by  boiling,  and  tlie  liot  solution  added  to  J  01.  by  meosurs 
of  ft  aatenttod  or  nearly  saturated  solution  of  carbonate  of 
,  tltii  latter  being  ould.  This  mixturu  bus  exiiotly  the 
r  Uanporattuv  for  Ute  formation  of  murexidu ;  and  it  does 
to  it*  small  bulk,  r<>muiu  too  long  hot.  It  iustuiitly 
iat^niwly  purple,  while  onrbouic  ucid  is  oxpuUvd;  and 
as  uitilul  grouu  and   metollic- 

Oi  As  soon  as  tliu  li>|uid  is 

mU,  Uum  Bwy  '-^  little  cold  water,  aud 

driad  •&  flltcorii'  '  d  Ihetn,  by  tlio  above 

H^towa,  atul  on  ",  of  trom  2  to  3  lines  in  longthi 

WKm  «n»de  wii_   ,-.     ,    lutilit-s,   the    crysials  an>  always 

MuUtf,  owingj  invbabiy,  to  mum  vttvct  of  the  iLuwer  oooUn^  ut 
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the  larger  mass  of  liquid,  as  continued  heat  is  not  fayoarablo  tt 

thuir   t'ormation.     If  we  do   not  care  about  having  the    tiii««t 

orystals,  we  may  prepare  murexide  in  large  quantity  by  adding 

olution  of  alloxan   to   a  boiling  solution  of  alloxanUni',   and 

eautioualy  adding  cold  solution  of  carbonate  of  ammonia,   till 

the  mixture  has  become  nearly  black,    and   the  green  crystal* 

■  begin  to  appear.     The  vessel  being  removed  from  the  fir*, 

Fpofiita  a  very   large  quantity   of  murexide.     In  tlieac 

the  residnal  liquid  ia  still  coloured,  and  is  alkaline  from 

of  aiumoniii :  if  kept,  it  loses  the  red  colour,  beoomea  yellow- 

ish,  and  if  evaporated,  yields  much  ailoxanate  of  ammonia  in 

crystals, 

Murexide  is  one  of  the  most  beautiful  products  of  chemistry: 
the  crystals  are  metallic  green  by  n-tlectfd  light,  like  the  eaa- 
tharides  lly  or  tliu  gold  beetle,  and  deep  ri-d  by  transnutt«d  light 
Their  solution  is  deep  )>urpliah  red,  and  they  dissolve  in  potaab 
with  the  most  splendid  piiqilish  blue  colour  that  can  be  imagined; 
this,  however,  xoon  disappears.  When  their  solution  is  acted  OB 
by  a  dilute  mineral  acid,  it  is  decolorised,  and  deposits  a  sliining 
scaly  orystulLine  powder,  of  a  pale  yellow  colour,  which  is 
murexaiL.  The  same  compound  is  obtained  when  acids  ai«  addtd 
to  the  solution  of  murexide  in  potash,  aft«r  the  purple  tint  has 
disappeared  on  digestion  in  a  gentle  heat. 

The  composition  of  murexide  is  uncortain,  and  there  an 
different  views  of  its  constitution.  According  to  sonic  it  is  a  salt 
of  ammonia ;  and  this  view  is  Bupporti>d  by  the  fact  that,  with 
salts  of  baryta  and  oxides  of  lead  and  silver,  it  yields  purple  salts, 
which,  according  to  Fritische,  contain  the  same  acid  that  in 
murexide  is  combined  with  ammonia,  and  which  may  be  called 
purpuric  acid.  But  murexide  is  not  a  compound  of  ammonia 
with  tlie  purpuric  acid  of  Front,  for  when  that  body  (murexan)  is 
lissolved  in  ammonia,  it  only  forms  murexide  by  absorbing 
^oxygen  from  the  air,  and  yields  other  compounds  at  the  sama 
time.  Again,  the  action  of  sulphuretted  hydrogen  is  inoousistent 
with  the  view  of  murexide  being  a  salt  of  ammonia,  and  in  mutj 
of  its  relations  it  more  resembles  a  neutral  body — saoh  as  a 
compound  of  amide.  Its  products  of  deoomiiosition  are  very 
numerous,  and  altogether  tl>e  subject  is  one  of  much  difficulty. 
I'usAibly  there  may  be  two  substances  similar  in  appearance,  but 
I  distinct  in  constitution ;  one  a  salt  of  ammonia,  the  other  aa 
I  iudiUerent  body,  or  an  amidide.  The  great  discrepancy  in  ths 
results  of  analysis,  as  obtained  by  Lichig  and  Wohlcr  on  the  on« 
hand,  and  Fritzsuho  on  the  other,  as  well  as  some  dtlTervnoes 
in  the  profnTlie*  ascribed  to  it  by  different  chemisU.,  lead  to  somo 
•uoh  conclusion.     Tlie  formula  considered  by  Licbig  and  Withlur 
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lie,  aU  things  considered,  but  not  established,  is 
tfc}  antfther  somewhat  less  probable,  is  C»)  X^  Hid  Oi». 
oth  of  these  will  eaable  us  to  account  for  ita  prodnctiou  in 
Serent  ciroumst&aoee.  The  formula  of  Fritzscho,  which  agrees 
th  his  analj-sis,  is  Ci«  No  Hs  On  :=  S  Ha  +  Cio  N,  Ha  On. 
e  «alt  formed  with  nitrate  of  silrer  is,  Cia  N»  Hs  On  +  Ag.  O, 
which  would  exhibit  the  aniiaoal  phenomenon  of  ammonia,  instead 
•f  oxide  of  ammonium,  being  replaced  by  oxide  of  silver  ;  and  the 
oompound  is  Ci6  X»  II»  On  +  H  0  +  Ba  0.  Admitting  the 
lulie  of  Fritzsche  for  the  silver  and  barium  comiraunds  to  be 
'•orrect,  these  are  not  demonstrated  to  be  salts  of  purpuric  acid ; 
t  lw.<sides  this,  his  formula  for  murexide  does  not  enable  as  to 
plftia  it*  production  in  any  cose.  In  these  circumstances,  we 
Wliall  not  attempt  to  explain  the  formation  of  murexide,  further 
tiiAD  tn  point  out,  that  it  appears  to  require  the  presence  of  a 

■■'■n  alloxan  and  alloxnntine   (the 
1  .  fining  it),  and  of  ammonia  :  and 

I  it  is  u»t  thu  uoiy  piuduut. 

19.  Murexan.  Stx.  Purpuric  Acid.  C«  Nt  H4  Os(?) — Formed 
tho  action  of  acids  on  murexide,  but  along  with  several  other 
upfs.  It  appears  of  a  shining  powder,  composed  of  soales 
y  pale  yellow,  sometimes  pale  brown,  never  quite  white, 
iawluble  in  water  or  nearly  so,  but  the  liquid  filtvrwl  from 
iM'l^hrays  a  peculiar  opalescent  aspect  and  play  of  colours. 
illmil^ui  in  potash  and  ammonia,  and  the  solutions  become 
purple,  by  absorbing  rapidly  oxygen  from  the  air,  and  finally 
deposit  green  crystals.  When  boiled  with  peroxide  of  mercury, 
inter,  and  a  little  ammonia,  it  yields  murexide.  It  dissolves  in 
oil  of  vitriol,  and  is  precipitated  unchanged  by  water.  In  all 
tli(«e  characters,  except  in  its  external  aspect,  it  coincides  entirely 
-with  oramUe,  and  it  is  not  impossible  that  it  may  hereatW  be 
£iimd  to  be  nramile,  disguised  by  the  presence  of  a  foreign  sub- 
loe.  For  the  present,  however,  its  analysis  oom^iels  us  to 
it  from  nramile. 


The  following  products  have  been  described  by  Schlieper  and 
^fltideler.     They  include  a  fifth  mode  of  oxidation  of  uric  acid, 

aO.  LanUiuHTif  Acid.  O  Ni  H« 0« ,  U  O,  or  C».  N»  fl» O..,  2  H  0. 

( Amording  to  Schlieper,  oric  acid,  when  acted  on  by  a  mixture  of 

l^iiRTidcyanide  of  potassium  (red  prussiate  of  potash)  and  caustic 

is  oxidispd,   and  yields  this   acid  in   combination  with 

sh.     In  the  tint  instance  allantoine  and  carbonic  acid  are 

fonncil.  C.oN.U.0«  +  0t  +  2H0  =  2(C»Ni  Us0s)  +  2C0i. 

The  allantoine,  in  contact  with  potash,  takes  ap  2  eqs.  of  water, 

ud  is  then  rosolred  into  lantanuric  acid  and  urea.  2  (C*  Nt  H>  Ot ) 


we 
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+  2  H  0  =  Cs  N*  H»  0»;  nnd  Cs  N.  Hs  Os  =  Ci  Ni  H.  0»  + 
Co  Nt  n.  0» . 

21.  HiJantoic  Acid.  C«  Nt  He  Ob,  H  0.  According  to 
ScUiepcr  this  ocid  is  formed  when  allantoine  is  dissolved  in  ' 
caustic  potash,  and  its  forrantion  is  the  first  stage  in  the  procen 
described  in  the  [ireceding  section.  It  may  be  obtained  in  com- 
bination with  oxide  of  lead,  by  dissolving  allantoine  io  oold 
solation  of  eaustie  {x>tash,  and  allowing  thi>  solution  to  stand  about 
two  days.  After  the  addition  of  acotie  acid  in  excess  and  w>ter, 
acetate  of  lead  causes  a  precipitate  of  the  lead  salt.  The  onhydmoi  ' 
ocid  is  polymeria  with  oxamidc,  but  the  atoms  are  obviously 
arranged  in  a  diflerent  manner,  sinoo,  when  boiled  with  alkoliv*, 
it  yields  no  oxalic  acid. 

22.  Uroxanie  Acid.     Cio  N«  H«  Oit,  or  Cio  Ns  Ht  Oil,  2  H  0. 
(Stiidelcr).     When  a  solution  of  uric  acid  in  excess  of  caostio 
potash  is  left  to  itself,  it  deposits  by  degrees,  along  with  acid  , 
urate  of  potash,  crystals  of  tlie  potasli  salt  of  tlds  new  acid.     The 
noid  crysljiUiscs  from  its  solution  in  hot  water  in  tetrahedra  or  : 
in  irregular  feathery  prisms.      It   is  formed   from  uric  acid  by  I 
the  addition  of  8  eqs.  of  water,  aad  the  separation  of  1  cq.  of 
ammonia.    Thus, 

Uric  Add.  Uroxitntc  Add. 

{CioN.H.O.)  +  8HO  =  (CioN.H.O..  )  +  NH». 

23.  Uroxile.  C»  Na  Hr  Os .  (Stadeler).  When  nroxanio  acid 
is  heated  tx)  212*,  it  loses  carbonic  acid  and  water,  and  oroxile  is 

Lw  a  yellowish  coherent  mass. 

Croxanic  Acid.  UiuxlU. 

C.oN.H.0..  =2HO  +  2CO=  +(C.N.HtOi). 

Uroxile  contains  2  eqs.  of  water  more  than  uramilo,  and  it  is 
isomeric  with  dialurat«  of  ammonia  ;  but  it  is  quite  distinol  from 
that  salt. 

The  recent  very  interesting  researches  of  Roohleder  on  oaffctM 
or  thoine  liavo  led  to  the  discovery  of  some  very  remarkable 
relations  between  some  of  the  products  of  oxidation  of  caffeine 
and  those  of  urio  acid  just  described.    Liebig  had  Ion.  :tod 

out  that  the  action  of  cafl'cine  on  the  body  probabI\  .  on 

tlie  fact  that  its  composition  was  related  to  timt  of  uric  ai  ul ;  and 
liochleder  has  obtained,  among  various  other  curious  produots, 
one  analogous  to  alloxantine,  and  another  equally  analogous  to 
murexide.  These  wiU  be  afterwords  described,  and  we  shall  then 
■  aee  that  it  would  npixMir  that  olloxan,  alloxantine,  murexide,  &c., 
■liaTe  their  homuloguea  in  the  Cafil'ine  series,  the  investigation 
of  which  will  doubtless  throw  much  light  on  the  true  oonstitu* 
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ti'in  of  these  compounds.    Wo  shall  retom  to  this  subject  under 
colTeine. 

Having  now  described  the  ntuncrous  prodnets  of  the  nxidalion 
of  uric  acid  by  nitric  acid,  vre  ore  prepared  to  understand  tho 
nature  of  the  radical  supposed  to  be  oommou  to  most  of  these 
compounds. 

FitriR.    Ul.  =C«N.0.=  4C0 +  2CiN. 

8nr.  Cyanoralie  Aeul. — This  radical  is  unknown  in  the 
sepante  form.  It  ccntnina  the  elements  of  4  eq.  carbonic  oxide 
vrSeq.  oxalyle  (C«  0>),  and  2  e<].  cyanogen.  Hence  the  name 
Mc  acid.      Assuming  it  to  exist,  we  hare  tho  following 


,  BtUonal  ftmnuW 

XftU10« 

Efopirtcal  fonnalm. 

in   •♦•1  ^q.  urra 
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C...  N. 
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0. 
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^  Hydurilic  acid 
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H. 
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0.. 
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0. 

m       ♦Of+4HO 

I  —  Thionuric  acid 

= 
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The  ready  conversion  of  these  compounds  one  into  another  is  a 
ag  oi^ument  for  the  cxistGnoe  of  the  radical  ur^-lc.  But  the 
ttional  fbrmulffi  above  given  do  not  represent  what  we  suppose  to 
>  the  actual  amm^t^ent ;  they  only  point  out  by  what  simple 
as,  as  the  addition  or  removal  of  oxygen,  or  ammonia,  or 
at«r,  the  elements  of  the  new  compounds  might  be  supplied, 
other  derivatives  of  uric  acid  are  probably  compounds 
different  radiciU :  tlius,  parabanic  and  oxalaric  acids  each 
antoin  only  0  oj.  of  carbon,  and  cannot  therefore  be  compounds 
'  urj'le. 

Tlie  above  bri"f  sketch  of  tho  products  derived  from  uric  acid, 

ill  M«r>D  to  show  tlio  inexhaustible  variety  of  new  products, 

thich  one  complex  body  may  yield.     Notwithstandinj;  all  that 

bes  be«i  (lone,  wc  mu"t  consider  this  sulijrct  as  merely  opened 

iiirllii^r  pr  •(  it  wiU  infallibly  lead  to  many 

[  li  "       .    ._;  and  valuai  =. 


ArrEM>ix  TO  xraic  acid. 


1,  Urus  or  Xaniku:  Osidr. — This  is  a  very  rare  ingredient  of 
nrisAiy  calculi.      Its    formula  is  Ct  Ns  U*  Oi ,  which,  taken 
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double,  differs  from  uric  acid  only  hy  2  eq.  oxygon.  IToncc  iU 
name  of  uric  oxide.  It  is  soluble  in  pota&b  and  precipititoi  by 
ncid*  as  a  wtiite  powder.  It  diMolresin  nitric  acid,  and  tlic  tolu- 
tion  oTa[>orated  to  dryness  leaves  a  yellow  residue ;  hence  tiis 
name  of  sontliio  oxide.  It  is  Baid  to  ooour  in  Bmall  qoantitiei  in 
Borne  kinds  of  );uiino, 

2.  Cystic  Oxide,  Co  N  Ho  0«  8». — Another  very  rare  form  of 
calculus.  It  dissolves  both  in  noids  and  alkalies,  and  has  tbo 
oharaoten  of  on  organic  base,  forming  crystalline  campoimdt 
with  Boids.  It  is  remarkable  from  the  large  quiinlity  of  sulphur 
it  contains. 

3.  Guanine,  Cio  N»  H«  Oi. — This  oomponnd  hiw  bopn  di»- 
covered  quit©  recently  in  guano  by  Unger,  who  at  tlrst  suppowd 
it  to  be  identical  with  uric  or  lonthic  oxide,  but  gnb8c<{iiently 
found  it  to  be  a  distinct  compound.  It  seems  to  be  a  bast, 
somewhat  analogous  to  urea ;  for  it  unites  with  hydruohlorio, 
sulphuric,  and  nitric  acids,  forming  orystallisable  salts,  omon^ 
which  are  acid  salts,  with  hydruohlorio  and  nitric  acids  ;  a  TUJ 
rare  phenomenon. 

Guanine  is  a  white  powder,  insoluble  in  water.  Like  other 
organic  bases,  it  forms  a  double  salt  when  its  bydrochlorate  is 
mixed  with  bichloride  of  platinum.  This  salt  crystallises  in  fine 
orange  yellow  crystals  the  formula  of  which  is  (Cio  N»  IIi  0», 
H  Ca)  +  2  rt  Cl.'+  4  H  0.  It  is  remarkable  that  guanine  forms 
no  basio  salta,  as  most  weak  bases  do,  but  only  neutral  and  ooid 
saltii. 

Uyperurie  Acid  (P). — This  add  was  also  disoorered  by  Ungtr, 
who  obtained  it  by  acting  on  g^uanine  with  a  mixture  of  hydro- 
ohloric  acid  and  chlorate  of  potash.  Its  formula,  according  to 
Uuger's  experiments,  is  CioN«  H«  Oo,  which  dificrs  from  nrio 
acid  by  1  cq.  wat*r,  and  2  eq.  oxyij^en  ;  henoe  the  name.  Unger 
conjectures  it,  from  the  analysis  of  the  silver  salt,  to  be  hibuio 
Cio  >'t  H.I  th  +  2  H  0  ;  but  the  want  of  material  has  prow 
him  from  fully  investigating  this  curious  acid ;  and  he 
formula,  and  even  its  name  as  doubtful. 

The  acid  forms  short  rhombic  prisms,  colonrlees  tad  of 
brilliant  lostre.  When  heated,  it  yields  hydtated  cyanic  acid, 
water,  and  a  residue  of  carbon.  This  might  occur  with  th« 
formula  above  given,  for  Cio  N4  Hs  Oa  =  4  (Ci  NO,  HO) 
+  no  +  Ci. 

Xni.  BxnoTUL     Bf=Ci<BsOi. 

This  is  the  radical  of  Uenxoie  Acid,  of  oil  of  bitt«r  almoDds, 
end  of  on  extcnatve  tuie*  of  compounds.     The  radical  ia  not  y«t 
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i  oertalnty  in  the  separate  form,  although  a  compound 
ag  the  eamo  composition.     (See  Bei>ziU.)     Wu  alioll 
ribc  first  the  benzoic  acid,  niul  afterwards  the  other  compoouds 
rived  from,  or  ouuuevled  with  it. 

1.  Benwio  Acid.     C.  Hi  0» ,  H  0  =Bs  0,  H  0,  or  B«  Oi ,  H. 

his  add  is  found  in  gnm  benzoin,  mixed  with  some  resins ; 
it  alra  occurs  in  the  urine  of  herbivorous  animals,  under 
---  -  'limstoncea.  It  is  also  formed  by  the  oxidation  of  the 
'  almonds.  It  may  be  obtained  from  benzoin  by  sab- 
iii!;i;:"n,  ilie  powdered  g^m  being  gently  heated  on  an  iron  plata 
forming  the  bottom  of  a  broad  and  short  cylinder,  the  top  of 
which  is  coTered  with  bibulous  paper  pasted  tightly  down  to  the 
lide*,  while  another  cylinder  slide.s  over  the  upper  end  of  the 
,  to  prevent  the  escape  of  the  acid.  The  vapours  of  the  acid, 
is  very  volatile,  pass  through  the  paper,  and  forming 
«,  ar«  there  retained,  falling  on  its  upper  surface.  The 
method,  however,  is  far  more  productive,  as  in  the 
pauoees  of  sublimation  some  of  the  acid  is  always  deo<^mpoBed. 
oin  is  dissolved  in  strong  alcohol,  and  to  the  hot  solutioa 
added  liydrochlorio  acid  in  quantity  sufficient  to  prcci- 
be  resin  ;  the  whole  is  then  dbtillcd.  The  benzoic  acid 
[over  under  the  form  of  benzoic  ether  (bcnzoate  of  oxide 
le):  and  when  the  greater  part  of  the  liijuid  has  been 
1  off,  water  is  added  to  the  residnc,  and  distilled  as  long 
ether  passes  over  with  it.  AV'heu  this  ceases  the  hot 
remaining  in  the  rct<^  is  liltered,  and  on  cooling  deposits 
he  benzoic  acid  in  crystals.  The  benzoic  ether  and  all 
Jed  liiuors  are  now  treated  with  caustic  potash,  until 
is  decomposed,  and  the  solution,  now  containing 
ruzoAte  of  potash,  is  heated  to  boiling,  and  supersaturated 
ith  hydrochloric  acid.  On  cooling  it  de(j<»its  the  benzoio  acid 
in  crystals.  By  this  means  tlie  whole  benzoic  acid  of  the  benzoin 
I  obtained. 

'N^'livu  the  urine  of  the  cow  is  evmporated  to  a  small  bulk,  and 

ydroolilurio  acid  added  in  excess,  a  quantity  of  crystals  is  depo- 

Thr*o  are  sometimes  impure  benzoic  acid  alone,  sometimes 

i  mixture  of  that  acid,  and  ofhippuric  acid.     Ether  dissolve*  the 

,  and  leaves  the  latter.     The  ether  being  di?tille<l  off,  the 

>aoid  L<piirilied  by  corabiiiing  it  withlimc,  am!  rig 

by  the  addition  of  bydrocJilorio  acid;  or  b)  >,  it 

water,  and  adding  nitric  acid,   which  destroys   the 

ag  matter. 

'  Denzoio  acid  is  alio  formed,  as  will  be  eicpkined  li«teat\AX,\t^ 


^tt^JHm 


JBiiM 
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i  boiling  hippnrio  acid  with  strong  hydrochloric  acid.  Lastly, 
benzoic  acid  is  n  very  I'reijuont  product  of  the  oxidation  of  nitro- 
gvniaed  or  albuminous  organic  compounds.  Its  radical  U,  thei«- 
fore,  one  of  the  products  of  tJie  decomposition  of  very  complex 
ort^mio  molocules. 

Deuzoio  ncid  forms  fine,  light,  prismatic  crystals,  or  flexible 
pearly  scales.  When  pure,  it  has  no  smell,  but  by  heat  it 
acquires  tlie  odour  of  benzoin  or  of  vanilla,  and  as  eomaaonly 
prepared  it  has  a  very  pleasant  odour  derived  from  the  preaeaoe 
of  some  foreign  compound  which  accompanies  the  acid,  uu)  it 
not  easily  separated  from  it.  It  is  very  fusible  and  Tolatile, 
and  its  vajiours  are  very  irritating,  provoking  cough.  It  it 
inflammable,  burning  with  smoke.  It  is  sparingly  soluble  in 
cold  water,  more  so  in  boiling  water ;  it  dissolves  also  in  alcohol 
and  ether. 

With  bases  it  forms  salts,  many  of  which  are  crystallisable. 

Their  general  formula  is  liz  0,  M  O,  or  Bz  0« ,  M.     When  the 

.  Alkaline  and  earthy  bcnzoatcs  are  heated  in  close  vessels,  they 

'  yield  carbonates,  whUo  new  i>roducts  distil  over,  such  as  benzooe, 

benzole,   naphthaline,   &c.      The  bcnzoatc   of  peroxide  of  iron, 

3  Bx  0  +  Foj  Oj,  has  a  reddish  white  colour,  and  is  insolobU, 

Benzoic  acid,  in  the  form  of  bcnzoate  of  ammonia,  is  thervfbtv 

sometimes  used  as  a  means  of  separating  peroxide  of  iron  from 

■  aome  other  bases.     But  its  use  requires  many  precautions,  and  it 

,U  quite  inapplicable  if  alumina,  glucina,  yttria,  or  zirconia  be 

present.     Benzoate  of  silver,  Bz  0,  Ag  0,  is  sparingly  soluble,  and 

when  formed  in  hot  solutions  crystallises  on  cooling. 

Beozoio  acid  appears  to  be  tho  starting-point,  or  lowest  member 
of  a  series  of  homologous  acids,  of  which  two  more  are  known 
namely,  the  Toluylic  and  Cuminic  Acids.  It  will  be  seen  by  the 
following  table,  that  the  common  dilFercnce  here,  as  in  the  aerie* 
to  which  Formic,  Acetic,  and  Valerianic  acids,  and  the  other 
volatile  oily  acids  belong,  is  C«  Hi .  And  in  this,  as  in  the  fortner 
ease,  the  analogy  in  properties  is  as  remarkable  as  the  onalogr  ia 
cmnpoaition.  The  acids  of  the  benzoic  series  are  eryatidliiie, 
volatile,  and  when  heated  with  bases,  yield  aromatic  oily  cam- 
pounds,  which  ore  carliohydrogens,  homologous,  like  the  aoiila 
from  which  they  are  derived,  of  which  benzole  is  the  type.  From 
these  oils  various  compounds  are  derived,  of  which  we  ahall  only 
here  mention  a  remarkrible  series  of  homologont  boMa,  that  of 
^•liiob  Aniline  or  Phenylamine  is  the  type. 


nENZOIC   ACID. 


Bsszoic  Sesies. 


Oiiiiiiuc  Acid 


C.  Hn  0. 
Ow  nil  0> 


Bi-utule  Cit  Ha 
Toluele  Ci*  H. 
Xylok    Ci«  Hio 
Cttmolc  Ci<  Hii 
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Aniline  C.i  H>   N 

ToIiiiilinB  C.i  Ha    N 

XjUdiQ«  Ci<  Hi  I  N 

Gamidine  Cm  Hu  N 


It  will  be  seen  that  one  acid,  that  with  IB  eqs.  of  carbon,  u 
not  yet  disooTercd,  but  it  will  probably  soon  be  formed,  as  the 
aWTOspODding  members  of  Uie  two  other  scries  arc  already 
knu'vii.  yVe  shall  return  to  the  benzoic  scries  hereafter.  The 
tiblc  here  given  is  merclj'  a  specimci],  to  illustrate  the  nature  of 
the  gioup.  There  ore  many  more  series,  connected  with  the  three 
above  giTen. 

A>itn>aoii8  Bcirzoto  Acid. 

C..H.O..orC„H.oO.=  g;;|;^'} 

Thin  remarkable  oompoond  was  discovered  by  Gorhardt,  and 
i*  the  type  of  a  numerous  class  of  compounds,  the  anhydrous 
or^caiiic  acids,  or  auhydridet,  for  they  are  not  true  acids. 

The  anhydrous  benzoic  acid  or  benzoato  of  beuzoyle,  may  be 
formed  in  Tarioos  ways;  either  by  the  action  of  chloride  of 
InTiioyle  on  benzoate  of  soda,  or  by  that  of  chloride  of  benzoyls 
on  oxalate  of  potash ;  or  by  that  of  oxyohloride  of  phosphorus 
on  beazoate  of  soda.     The  first  process  b  a«  follows, 

Ci.  H.0,,  a  +  Na  0,  C.  n.O.  =  Na  a  +  q',^q\  } 
Ib  Utt  Mcond,  we  have, 

COsK.+2(Ci4HiOi,CI)  =  2Ka+  ^'_| 'J*^^  I  +2  C0  +  2C0. 

In  the  third,  chloride  of  benzoyle  and  phosphorons  acid  are 
f"  1  by  the  action  of  the  oij-chloride  of  phosphorus  on 

'  acid,  and  this  subsequently  acts  on  another  portion 

b(  twiuwat^  of  soda,  as  in  the  Itrst  process. 

In  all  these  processes,  the  materials  are  gjadually  mixed  in  a 
large  ilaik,  and  \hen  heated,  with  constant  optalion,  to  a  tcm- 
T>"r«tttre  of  alwut  265°  or  270°  F.,  till  the  smell  of  chloride  of 
'\\«  has  disappeared.  The  mass,  when  cold,  is  washed  with 
water,  to  remove  the  cldorido  of  potassium,  and  the  inso- 
luiile  residue  is  the  anhydride.  It  may  be  p\irified  by  dissolving 
it  in  tlie  smallest  possible  quantity  of  hot  alcohol,  which,  on 
cooling,  deposits  it  in  briUJaat  obiiqae  prisms.    TViete  \»  oX^o.^^ 
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a  loss,  from  tho  formation  of  benzoic  ethor,  and  if  t«o  ranc^ 
alcohol  be  used,  but  little  of  the  acid  will  be  obtained.     When  the 
quantity  is  considerable,  it  is  best  purified  by  distillation.     It 
distils  at  a  high  tcmperoUire,  about  o!>0°  ¥.,  yielding  a  oolouilfia 
oil,  which,  on  cooling,  crystallises  in  acute  rhombs  or  acieiiUr 
prisms.     It  melts  at  107°  F.,  and  on  cooling,  crystallisvs  like  J 
sulphur  and  bismuth,  so  that  by  pouring  off  the  remaining  fluid  I 
when  the  solidiiicatiou  is  half  finished,  very  fine  crystals  may  be  I 
obtained.  1 

The  solutions  of  this  anhydride  in  alcohol  or  ether  ore  perfectly 
neutral,  but  it  easily  passes  into  benzoic  acid  when  bulled  yntii  j 
water,  especially  if  a  base  bo  present.  I 

With  ammonia  it  forms  bcnzamide  ;  with  aniline,  benzanilid*.  I 
With  cuiutio  potash  and  other  bases  it  ia  oonverted  iat*] 
bcnzoates. 

We  shall  see  that  many  other  anhydrides  or  anhydrous  acid*,  I 
08  they  arc  called,  having  tlie  composition  of  anhydrous  acid*,  1 
but  no  acid  proi>ortioa,  may  be  formed  in  the  same  way,  and  b«Ta| 
analogous  properties.  The  methods  generally  pursued  are  Ul( 
here  described,  only  using  the  salts  of  other  acids  instead  of* 
tliosc  of  benzoic  acid. 

The  double  formula  above  given  for  this  anhydride  is  derivvd 

from  the  (^le  water,   tbos  written,  rr  f.  |  which  corrresponds  to 


iH»0«,  01 
iH.Ot,  0/ 


0.. H»0«,  0] 


Now  (ho  occurrence  of  double  onhydrides  is  in  favour  of  the  ] 
double  formula.  We  shall  see  that  anhydrides  may  lie  formed  1 
containing  I  eq.  of  one  anhydride  and  1  eq.  of  another;  for] 
example,  the  anhydrous  aceto-btnzoic  acid,  (or  acetate  of  ben*  j 
zoyle,  or  benzoate  of  acetyle,  for  it  may  be  named  by  all  theael 

names)  which  is  Ci»  H.  0«  evidently  ^*  g^'  q''  [^  |  oorr»»pond-] 

HO)  * 

ing  to  the  typo  water,  thus  S  o  '  • 

2.  Hydurel  of  Btmsojle.    Cii  Ha  Oi  =  fit  H. 

Sya.     Euentiol  oil  of  bitter  almondt. — When  bitter  almond*,  I 
after  being  muoerated  with  water  for  a  day  or  two,  are  distiUedl 
with  tlic  watiT.  thcrr  is  obtuincd  a  fragrant  oily  liquid,  beavitc] 
tlian  water,  wliioli  ci.ntaiii»,  besides  byduret  of  bcnfoyle,  beosoid 
acid,  liydroeyunio  arid,  and  l>cn»oine,  u  solid  ooropou'nd  isomerifl 
with  the  byduret  of  bcnzoyle.    To  jmril>'  it,  this  oily  liquid  ia ' 
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piMilled  along  «itb  a  ndxtare  of  protocliluride  of  iron  and  slaked 
hxae,  which  retain  tho  two  acids,  and  the  benzoine  remaining 
f—^"'*,  llie  pure  liyduret  passes  over. 
It  ia  k  ooluuriess  transparent  liquid,  of  a  high  reinctiTe  power, 
ha*  »  peculiar  and  very  powvrt'ui  smell,   and  it  is   on  tiiis 
Bt  that  the  crude  oil  is  so  much  used  in  perfumery.     Its 
'  has  been  c<omparcd  to  that  of  hydrocyanic  acid,   but  this 
kaa  aiiaen  from  the  fact  that  the  crude  oil  contains  botli ;  fcir  un 
npuiBg  the  two,  both  pure,  no  great  similarity  can  be  per- 
il ought,  hovrevur,  to  bu  Iwiriie  in  mind  that  tbe  oom- 
:  oil  is  highly  i>oisouous,  because  it  contains  hydrocyanic 
I  though  tUc  hydurct  of  benzoyle  is  not  poisonous,     llydoret 

to^lu  boils  at  306*. 
hen  ex[NiS(.'d  to  tlie  air,  it  absorbs  2  eq.  of  oxygen,  and  is 
ud  into  pure  cryBlolliscd  benzoic  acid.  Hz  li  +  0»  :=  li-e 
[  O.  Heated  With  caustic  potash  in  close  vessels,  it  yields 
of  potash  and  hydrogen  gas,  which  is  disengaged. 
K  O,  H  O  4-  Bi  H  =  K  O,  Bj!  O  +  II.  It  is  still  more  easily 
oanrerted  into  ben/oate  of  potash  by  on  alcoholic  solution  of 
potash ;  the  alcohol  here  swims  above  the  salt,  and  holds  in 
■oltttiim  on  oily  matter  not  yet  examined. 

I  b*Te  found  that  the  benzoat«  of  potash,  formed  by  the  action 
of  aa  aloohoUo  solution   of  potash    in  the  crude    oil  of  bitter 
Ihlmonds,  is  very  soluble  in  alcohol,  from  wliich  it  crystallises  in 
B  hot  sattuated  solution,  in  a  mass  of   fine  silvery  or 
3y   kcalca.      The   beuzoate    of    potash,   made   directly  from 
oio  acid,  is  very  sparingly  soluble  in  hot  alcohol,  and  crys- 
|iuli.iM:8  ditl'trrcutly.    The  cause  of  this  diil'erence  is  still  unknown; 
1>ut  it  may  d«{)eud  on  a  diticrence  in  the  amount  of  water  of 
jratollisation,  or  on  the  absence  of  such  water  in  one  of  the 
i;  or  on  one  salt  being  neutral,  the  other  acid,  in  constitution, 
not  tind,  however,  any  such  diU'ercnce,  so  for  as  I  have 
a. 

rut  of  benzoyle  Li  mixed  with  a  little  hydrooyanio 

|jUci;d  in  contact  with   aqua  potassse,  lime  water,  or 

er,  it  is  gradaolly  converted  into  the  solid  crystalline 

eomponnd,  isomeric  with  itoelf,  which  is  colled  benzoiue.     When 

mixed  with  aijua  araiaonia',  and  gently  heated,  it  produces  a  new 

ide.     With  chlorine  and  bromine,  if  dry, 

luide  of  benzoyle,  with  hydrochloric  and 

It  water  l»>  jirestut,  benzoic  acid  is  likewise 

lub  combines  with  liouie  unchanged  hydiiret  of 

.   '  of  brnsaylt,  formed  by  tlie  action  of  dry  chlorine  on 

bydttivt,  ia  »  colourless  liquid,  of  •  strong  disagreeable  odour. 


^^ 


COMPOUNDS   OF   BKSZOTLE. 

It  is  formed  as  foUows  :  Bz  H  +  Cli  =  Bz  a  +  H  CI.  With 
the  alkalies  it  vieldi  bcnzoat<!  of  the  alkali,  and  chloride  ut  iho 
.metal :  Bz  Cl"  +  2  K  0  =  K  0,  Bz  O  +  K  CI.  With  irj 
Punmoaia  it  yields  henzamide :  with  alcohol  it  produces  benzoic 
rther  ond  hydrochloric  acid.  Ae  0,  H  0  +  Bx  Cl  =  Ae  0,  \\t 
0  +  II  CL  When  acted  on  by  metallic  bromides,  iodidc», 
Bulphurcts,  or  cyanides,  it  pnxiuees  metallic  chlorides,  and 
bromide,  iodide,  sulphuret  or  cyanide  of  benzoyle.  When  it  acts 
on  the  salts  of  ori^anio  acids,  it  gives  rise  to  anhydrous  organic 
ooids  or  anhydrides  (see  above).  The  bromide  of  bentoyU  is  a 
crystalline  solid,  iu  other  respects  analogous  to  the  chloride.  Th« 
iodide  and  sulphuret  of  benzoyle  are  also  crystallisablo :  tho 
cyanide  is  a  liquid  ha>'ing  an  odour  like  that  of  cinuamoo. 

4,  Benaunide.    0i4  K  Ht  Oi  =  Cu  Hs  Oi -I- N  Ht  =  Bi  Ad. 

This  compound  is  formed  when  dry  ammonia  acta  on  uhlc>rid« 
of  bcnzoylo,  Bz  Cl  +  N  H. ,  U  =  Bz,"N  H«  +  H  Cl :  also  when 
hippiirio  acid  (which  see),  is  boiled  with  peroxide  of  lead,  and 
when  anhydrous  benzoic  acid  is  acted  on  by  ammonia.  When 
prepared  from  the  chloride,  it  is  accompanied  by  sal  amiaoiiMc, 
formed  by  the  hydrochloric  acid  produced,  with  the  exoesa  of 
ammonia.  This  is  removed  by  cold  water  ;  and  the  benzamlde 
being  dissolved  in  hot  water,  crystallises  on  cooling.  It  form* 
fine  soft  needles  or  pearly  scales,  very  fusible  and  volatile.  like 
other  amididcs,  it  yields  ammonia  when  boiled  with  alkaliw, 
while  a  beuzoiite  is  formed. 


5.  PormobenioUio  Aeid, 


■{ 


C.  H  0>  +  CuH*0>  +  HO  =  Po  0», 
BiH-fHO. 


This  compound,  which  is  a  striking  example  of  a  coupled  acid, 
it  obtaiui'd  by  odiling  to  distilled  water  some  crude  oil  of  bitter 
almonds,  which  alwuys  contains  hydrocyanic  acid  (see  Amyj/da- 
e),  ond  evaporoting  to  dryness  along  with  some  hydrocblurio 
cid.  From  the  dry  moss,  ether  dissolves  the  new  acid,  which  it 
eposita  as  a  crj'&tolline  powder  by  evaporation.  In  this  procesa, 
I  hydrocyanic  acid,  under  the  influence  of  hydrochloric  acid,  \» 
converted,  along  with  the  elements  of  water,  into  formic  acid 
and  ammonia.  The  latter  oombineti  with  the  hydrocyanic  acid, 
tlic  former  with  the  hyduret  of  benzoyle,  yielding  formobenxoilio 
acid.  With  bases  this  acid  forms  salts,  in  which  the  quantity  of 
boso  neutralised  is  exactly  that  which  would  be  neutralised  by 
the  fomiio  acid  ulone.  Their  formula  is  M  0  -f  Fo  Oi ,  Bx  U  ; 
by  which  it  is  seen  thnt  the  hyduret  of  benzoyle  has  enterod  into 
the  radical  of  ilio  ovid,  without  altering  it*  power  of  aatunUion  ', 


7.  Hippurio  Acid.     Ci> ITHt Os  -I- R 0. 


HIPPCHIC   ACID. 

sps  the  rationn]  formnla  of  the  acid  ought  rather  to  bo, 
U)  +  n  ;  Biid  that  of  the  suits,  (Fo  0*,  Bz  U)  +  M  ; 
I'hish  exhibits  thia  view  ttill  more  olearljr. 

of  HTdoret  of  BenzojU.     C.f  Hit  Oi  =  Bi  0,  H  0  ^  2  Bi  H. 

This  ooTDpoiuid  is  formed  when  moist  chlorine  is  passed 
brou^h  the  oil  of  bitter  alinoads.  Hydrated  beazoio  acid  ia 
bmu-d,  which  unites  with  the  unchanged  hydurct.  The  nctiua 
st  chlorine  in  producing  hydratod  b«uzoio  acid  is  as  fol- 
j;  B«  H  +  2  H  O  +  Cl.=  2  H  CI  +  Bt  0,  H  O.  The  new 
and  is  crystalline,  insoluble  in  water,  soluble  in  alcohol 
and  ether.  It  is  volatile  without  decomposition.  An  alcoholic 
solutiun  of  potash  dissolves  it,  and  oouverts  it  into  benzouto  of 
potash. 

EHis  acid  is  found  in  very  considerable  ijiiantity  in  the  urine 
berbivurous  animals,  such  as  the  horse  and  cow,  more  especially 
Bto  stall-fed.  It  has  also  been  lately  discovered  by  Liebig  in 
^■n  urine.  It  is  easily  obtained  by  boiling  down  to  a  small 
tialfc  lh«  (rush  urine  of  the  horse  or  oow,  after  adding  an  excess 
of  milk  of  lime,  and  acidulating  with  hydrochlorio  acid.  On 
standing,  the  liquid  deposits  brown  crystals  of  hippuric  acid, 
wkloh  may  be  decolorised  by  boiling  with  excess  of  lime,  and 
•BOUgh  of  boiUng  wat«r  to  dissolve  all  the  hippurate  of  lime,  and 
n-'-''-  •  •  ■  the  strained  solution  hydrochlorio  acid  in  excess,  when 
'  e  acid  is  deposited.    A  repetition  of  this  process  renders 

Si  iju.iv  niiitc.  If  benzoic  ocid  be  present,  it  is  removed  by  ether. 
Tho  pore  acid  forms  pretty  largo  semi-opaque  four-sided 
»,  sparingly  soluble  in  cold  water,  very  soluble  in  hot  wat«r, 
in  aloohoL  When  heated,  it  melts,  and  gives  off  benzoic 
'aeid,  benzoate  of  ammonia,  and  an  oily  matter,  which  has 
a  Tiny  fragrant  odour  like  that  of  the  tonka  bean.  By  nitho  acid 
it  i*  ooavrrted  into  benzoic  acid.  Heated  with  peroxide  of 
inanganest?  nnd  sulphurio  aoid,  it  yields  ammonia,  carbonic  acid, 
and  ^  '\  ;  boiled  with  peroxide  of  lead,  it  yields ben2auude 

and  I  Mill. 

With   bases  it  forms  talts,   most  of  which  are   soluble    and 
etjrstalliiabtc. 
Hippuric  acid  may  be  viewed  in  two  ways  ;   first,  as  a  eom- 

Kof  benzamide  with  an  acid,  C-»  H  Oi  (fumorio  or  aconitio 
and  it  is  remarkable  that  Schwartz,  who  has  lately  itudied 
ppurates,  observed  a  very  great  similarity  to  the  fumaratvs  ; 
as  if  tile  hyduret  of  bcnzoyle  were  simply  taken  up  into  the 
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lid  niPPPBIC  ACID, 

molecule  oftliise  ealu,  without  much  olTcpting  thetr  pl9|teHiM; 
Btc-ondly,  as  composed  of  hyduret  of  btnuoylo,  hydroeyMUO  Md, 
aod  furmio  acid.  Either  view  readily  accounts  tot  its  cost 
dvcompoailion  into  benzoic  acid  and  other  products.  As  an  in^ie- 
dient  of  the  iirine,  this  acid  ia  important ;  and  we  ahull  benaiW 
■ee  that  benzoic  acid,  taken  into  the  system,  appears  in  the  aha* 
OB  hippurio  acid. 

But  Liossaignes  has  recently  shown,  thut,  when  hipparic  acid  tt 
boiled  with  stronger  acids  for  some  time,  it  is  decomjmsixl,  and 
yields  benzoic  avid,  which  crystallises  on  cooling  ;  whils  Uio 
mother  liquid,  on  further  evaporation,  yields  fine  crystal*  of  the 
•alts  formed  by  the  combination  of  glycooine  with  the  add 
employed.  In  fact,  glycocinc,  according  to  Dessaignes  and  to 
Ilunfurd,  is  a  basis  quite  analogous  to  urea ;  and  its  salts,  witli 
the  mineral  acids,  form  double  salts,  and  appear  to  act  m  seid*, 
which  is  also  the  case  with  urea.     If  to 

.  Hippurip  AciJ 0..  K  H.  <)• 

I  Ve  add  2  eq.  Water H»  Ot 

Oil  If  titi  0> 
And  from  the  sum  dedoot  1  oq.  hydnted  bennilc  add  C><       H<  Oi 

There  remains C^    K  H<  0« 

And  this  ia  the  formula  of  glycocine.  Hippurio  acid,  therefore, 
may  be  regarded  as  composed  of  anhydrous  benzoic  acid  anil 
aubydrous  glycooine  ;  as  a  coupled  benzoic  acid,  in  which  glvcocine 
'  I  the  copula,  which  does  not  ajftot  the  neutralising  power  of  the 
enzoic  acid.  Eijipurio  acid,  when  acti-d  on  by  nitric  acid,  yiidds 
'  B  new  acid,  nitrohippuric  acid,  very  similar  to  Lijipuric  acid!  It* 
formula  is  Cw  Ns  Ha  Oio,  and  it  is  hippuric  ucid,  iu  which  1  m. 
of  hydrogen  is  replaced  by  H  Ot,  or  nitrous  acid. 

Wo  have  seen  that  hippurio  acid  may  bo  regarded  a«  oontti- 
tuted  in  three  ways ;  namely,  as 

I\imario  Add. 
B«niainidaCi<NHtOt  4-  CtUOt,  UO  =  CuSUtOt,  BO. 
Pomla  AoUL 

'^^•^"^Jc.H.o.+c.N  H+c.no,no=c..NH«o.,  HO. 

Bonsoieadd,  dryCi.HiOi  -i-  U.Nl].Ui  =  Oi>N  Q<Oi,  Ha 

Bnt  the  ivoont  rescvrohes  of  SocoloS'  and  StrcolMT  tend  («  ahmr 
that  a  fourili  arrangenuat  is  the  true  on-j.  Thoy  regard  hippurio 
acid  as  llie  amide  of  a  new  aoid,  brnimjlycolic  acid.  Cm  U.  0.  = 
CiiHfO?,  UO.    Supposing  this  aoid  to  aet  oo  (Uumoaia,  the 
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^brater. 


be,  as  with  amides  generallv,  (\^II»  Oj  +  N  Hj^ 

N  II«  (1>,  H  0,  On  this  ^iew,  the  name  and  constitu- 

|)]iuric  ucid  will  be  benzoglyciolainidic  acid  ^  C\i  Hi  Ua 

\  and  tLt  additioa  of  2  cqs.  uf  wat«r  will  suflioe  to  convert  it 

bmsogljoolate  of  ammouia,  as  is  the  cuso  with  other  amides. 

•n  it  is  heated  with  acids,  however,  a  dltlerc-nt  result  ensues ; 

boBBMe  acid  being  funned  on  the  one  hand,  and  glycocine  on  the 

The  reason  of  this  will  presently  appear. 

fyeolie  Acid,  Cis  Ht  Ot ,  H  O  =  Cit  H»  Oi.  This  acid  is 
when  hippurio  acid  is  aot^-d  on  by  hyponitrous  acid,  an 
which  generally  reproduces  from  amido  the  auids  wliich 
yuldedthem.  CisNU«0«+  NOj=IIO  +  >'.  +  Cwn.O,. 
This  taxtion  is  of  itself  a  strong  argument  in  favour  of  the  idea 
that  fat{i|niho  acid  is  the  amide  of  benzoglyoolio  acid.  This  acid 
is  otytUUhta,  sparingly  soluble  in  cold  water,  soluble  in  alcohol 
«nii  ethsr.  it  is  decomposed  by  heat,  and  even  by  boiling  with 
ater.  Its  salts  ore  generally  soluble  and  orystaUisable.  When 
with  acids,  it  is  rapidly  decomposed,  yielding  benzoic  acid 
and  a  new  arid,  gtyeotic  acid. 

OlytvUc  Acid,  C«  U,  0, ,  H  0  =  C«  H,  0« .  This  acid  is  formed 
the   manner  just  described.     Thus,   Cis  lU  Oi   +   2  HU  = 
•  0»  -t-  C«  lit  0».     When  purified,  it  forms  a  syrup,  like 
acid,  which  is  decomposed  by  heat,     in  faut,  gly  colic  acid 
iogous  with,   and    iierlVully   analogous    to,   lactic   acid, 
Bcnzoglyoulic  aoid  is   coui|iosed  uf  dry  benzoic  and 
Slyoolie  ouid.     CS^  Ua  O.  =  Cm  U.  0>  +  C.  IL  0> .     And 
'c!r<vKy)ll)  is  the  amide  of  glyoolio  aoid.     C>  U4  0<  -f* 
Ha  =  '  4-  '2  11  0.     Wo  can  now   see  how  it  is  that 

luypanr  -.i  „'h  it  bu  the  amide  of  benzuglycolic  acid,  does 

aM  ;  .1   iiuunonia,  when  builed  with  acids,  but 

Vhucu:  .1   -iw  "lue.     The  benzoglyoolio  aoid  is  at  lirst 

Cmtad,  along  with  ammonia ;  but  it  is  immediately  deoouiposod 
bta  bauoia  and  glyeolic  aoid,  and  the  latt«r,  with  the  ammonia, 
bnas  water  and  glycocine. 
It  has  been  stated  that  glyoolio  acid  is  the  lowest  member  of 
homologous  senes  of  acids,  of  which  the  next  is  laotio  aoid. 
1...  ,..,1,.  -,tluT  member  knowu  is  the  lifth,  and  that  has  only  been 
«J  .   not    named    nor   atudied.      IJestdcs    this,   we   have 

jvxuiM  Its  th*  drst  member  of  a  homologous  series  of  bases,  of 
is  the  second,  uud  leucinu  the  tiflh.  And  in  like 
',  baBM^yooUo  and  hipporio  acids  must  be  the  lowest  or 
fi(*t  naanban  of  two  otliur  homuluguus  series  of  acids.  Of  the 
fgnaar  of  these  two,  the  second  member  in  known,  nonidy, 
Wttsolartio  acid,  which  is  ijuito  analogous  to  bvuxoglyoolio  add. 
Thus  «o  haT« 
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Olycoolno  Scries. 
Olyoolic  ncid  C<  TI.  Oa 
Glycwine       Ci  N  Us  Oi 


AUuIdo  Series. 
Lactic  add  Co  Ho  0« 
Alanine       C«NHiO. 
BeuzoLic- 
tjcarid 


Leucino  Bertot. 
Leucic  add  Cu  lln  Oi 
Leucine       CitN  Uu  O4 


>  Cso  H  Id  Oi 


» 


CMHwOf 

CMKaifO> 


HippurioacidCuNHiiOo       I  CwNHnO'        r 

Of  the  iotermediate  series,  with  Cs  and  C'lu,  as  trell  u  of 
with  Ci4  and  upwards  (ia  the  first  acid  and  base,  corresponding  ] 
glyctilio  a«id  uud  glyoocine)  nothing  is  known  ;    but  these  will  f 
time  bo  discovered. 

PBODUcra  OF  tub  xaAwspoHMATiojr  of  thb  cojtPotTXDs  or 

OfNZOYLE. 

1 .  Hyposulpbobensoic  Add.     Ci.  H4  0>  -t-  S>  Os  -«-  2  H  0. 

A  bibosio  ooid.  Formed  when  anhydrooa  sulphuric  aoid  tets 
on  crystallised  benzoic  acid.  Cu  Ha  O3 ,  H  O  -)-  2  S  O9  ^  Cu 
n»  O5  +  S,  O.  +  2  II  0.  The  acid  is  soluble  and  crystallisaWe, 
and  forms  with  baryta  a  soluble  and  orystallisable  salt,  from 
which  t)ie  acid  may  bo  obtained  by  the  action  of  sulphurio  ooid. 
It  forms  two  series  of  salts,  one  with  2  eq.  of  fixed  base,  the  other 
with  1  c<^.  of  lix.od  base  and  1  eq.  of  water. 

2.  Bromobensoic  Add.     Cu  H<  Br  0>  +  2  H  0. 

A  bihosio  acid.  Whoa  the  vapour  of  bromine  ia  al]owi>d  to 
act  on  bcnzoate  of  silver  at  the  ordinary  temperature,  there  1* 
produced  this  aoid,  along  with  bromide  of  silver  and  hydro- 
broniic  acid.  2  eq.  of  beiizoate  of  silver  and  4  eq.  of  bromine 
yield  1  eq.  btomobeuzoic  acid,  1  eq.  hydrobromio  acid,  and  2  oq. 
hromide  of  silver.  2  (C,.  II.  0»  Ag  O)  +  Br.  =  C„  H,  Ur. 
0«  +  H  Br  +  2  Ag  Br.  Etlier  dissolves  the  aoid  and  depotuta 
it  on  evaporation,  in  a  confused  mass  of  crystals,  very  sparingly 
soluble  in  water.  When  the  acid  crystallises,  it  takes  up  2 
c<}.  of  wftter,  With  bases  it  forms  salts,  which  are  generally 
soluble  and  crystallisablc.  Their  general  formula  is  Cs*  Ut  Br 
Oa,2MO. 

S.  Nitivibeuioio  Acid.     Ci<n<NOr,HO. 

Formed  when  nitric  acid  acts  on  benzoic  acid.  It  b  a 
crystalline  volatile  acid,  and  contains  the  elements  of  b«luoi« 
acid,  in  which  1  eq.  hyponitrio  or  nitrous  aoid  has  hwm 
Bubxtituted    for    1    eq.    hydrogen.      Cu    H.    Oj    —  U   +   N  (.*» 


=  Cu  { 


11. 
No. 


O: ;    and  the  basia  water  of  the  benzoio  acid  unites 


with  the  new  acid  as  with  the  old. 


J 
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i,  Beiuule.     I'll  Ha . 

Srjf.  Bentiiu,  Benzene.  P/t^ne.  — Occurs  in  the  volatilo 
lifoid*  ooodcniMKl  frum  oil  gas ;  but  is  best  ubtaineU  in  a  atato 
erf  parity  by  distilling  1  part  of  crystalliseil  beiizoio  acid  witli 
3  of  elokeai  lime.  It  ia  a  limpid,  colourless  liquiil,  of  an  agreeable 
•therial  odour,  lis  Sp.  O.  is  0-85 ;  it  boils  at  180'.  and  at  32°  it 
baoDBM  tolid.  It  ia  insoluble  in  water,  soluble  in  uleohol  and 
,V(k«r.  In  it«  formation,  1  eq.  of  benzoic  acid  yiebls  2  eq.  ourbunio 
■id  and  1  cq.  Iwozolc,  the  carbonic  acid  uniting  with  the  limo, 

Cm  n.  Oj.  H 0  =  c„  n.  4-  2  c o,. 

6.  Huifthiitfenzitle,  Cit  Us  S  Ot.      When  anhydrous  gulphnrio 

i  *»ta  vn  U'natole,  a  viNoid  mass  is  formed,  from  which,  by  tlie 

of  vat«r,  is  separated  a  new   compound,   which  may 

'^diiBoWed  and   crystallised  by   means  of  ether.      Cii  Ha  -f 

S  Ot  ^  H  (>  -f  t'u  Us ,  H  Oi .      Sulphobenzide  is  quite  neutral. 

6.  ffjfpotulphohtnziilic  Acid. — This  acid  is  found  in  the  liquiil 

boBL  wiitoh  the  preoeding  compound  has  been  depo;iitcd.      Its 

.  U  Ci«  II>  Si  0> ,  +  0.     It  may  be  viewed  as  formed  by 

of  2  eq.  of  dry  sulphuric  acid  on  1   oq.  of  bcn;eole, 

t«  +  2  S  Oi  =  Ci.  Us ,   8i  Os  H  0  ;  or   as  formed  by  tlio 

atlun  of  sulphobcnzide  with  oil   of  vitriol,  Ci<  Hi  S  Oa 

P+  B  O,  S  f)«.     Killier  view  readily  explains  its  formation.     The 

eid  IS  b«»t  obtained  pure  from  its  salt  with  oxide   of  copper 

r(\rhich  crystaUisc*  very  easily),   by  the  action  of  sulphuretted 

riiTdrnj:cn.     It  is  very  soluble  and  may  bo  crjstallised.     It  has 

'  a  Ttry  bchI   (a«t«,   and  neutralities  bases,  formiug  erystallisablo 

■alta.   7.  Ai/ruirninfc,  Cit  U»  N  0*.  Syn.  Nitrubenzidt, — Formed 

wlwit   b«nz<il<.^  is  disitolved   to  saturation  in  fuming  nitric  acid, 

^KfA  VBtcr  added  to  the  hot  solution.    On  cooling,  the  nitrobenzole 

I  to  tlie  bottom  as  a  lieavy  oiL     It  iii,  at  (K)°,  a  yeUow  liquid, 

I  iwcvt  to  the  toxto,  with  on  odour  like   that  of  ciouamou  ; 

1 1  434',  and  solidiees  at  :)7°.     It»  Sp.  0.  is  1'20».     It  is 

HU*  in  water,  soluble  in  alcohol  and  ether.    It  is  formed 

I    cq.    benzole  and    1    cq.    nitric   acid,  On  H«  +  N   Ot=: 

'■     "    .  N  0«.     By  the  action  of  reducing  o^'nts,  such 

'I   hydrogen,    uitrobenzole   loses  the  whole  of  its 

uwygiri.  ;iii.i   lakiiig  up  2  eq«.  of  hydrogen,  it  is  transformed  into 

iilia»,  Cii  N  U( .     (See  Amlint.)     Nitrobenzole  may  bo  viewed 

■  M  txnuolv,  Cj»  Ha ,  in  which  1  oq.  hydrogen  is  replaced  by  nitrous 

•od,  Cit  i^.  y    I  while  in  aniline  this  eq.  of  hydrogen  is  replaced 

,  by  unkU;  C,,  Hf  X  =  C„  ^*jj^  i  .  By  the  further  mUou  of 
IBitric  wid,  nitrnbonzide  is  oonrcrtod  into  dinitrobcnzole,  Cu  Ht 
|XaOt=Ciij{  j^.'i^,^  j  in    whiob  «  woond  eq.  of  bydxogva   V> 
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replaoed  by  nitroua  acid.  This  compound,  acted  on  br  Lvdro- 
auipburet  uf  ammouia,  }aulds  uitraniliiie,  a  baae,  the  formula  of 

which  is  Cti  x'ot  i   ^>  con^^ponding'   to    aniline    Cu   Hr  N.    J 

8.  Azohenzide,  Ct«  H»  N. — This  oompound  ia  formed  'when  an 
alcoliolic  solution  of  uitrobcuzide  is  distillvU  with  dry  hydrate  of 
potash.     After  tbo  filcuhol   had  diatiUed,  thu  azubenzide  Yola- 

Itilises,  forming  liirge  red  crystals,  fusible  at  IflU",  boiling  at  380°. 
lu  the  production  of  this  compound  alcohol  takes  a  part,  and 
there  are  formed,  besides  ozobenzide,  aniline,  water,  and  ozolie 
acid,  which  remains  combined  with  the  potash,  2  (Cii  Hi  X  U*} 
+  Ci  Ho  0.  =  Ci.  Us  N  -f  Cii  Hj   N   +  Ci  0>  +   3   H  0. 

9.  Chloride  of  Benoolc,  Cn  Ho  Clo . — Formed  when  chlorine  gu 
and  benzole  arc  excused  to  the  sun's  rays.  It  is  a  colourless  oyatal- 
line  solid.  10.  C'Afcro4tHn'n<f,  Cu  HaCli. — Obtained  by  distilling 
the  preceding  compound  with  hydrate  of  lime,  as  a  coluurlcsi 
oily  lic^uid. — ISromiuu  forma  with  benzole  analogous  compounds. 

iScuzule,  as  already  hinted,  is  the  starting-puint  of  a  serie* 
of  homologous  compounds,  the  general  formula  of  which  is 
Cu  Hu — 0,  and  the  common  ditt'erence,  added  at  each  step,  ia 
Ct  Ut .  These  compounds  ore  all  fragrant  aromatic  volatile  oily 
liquids,  or  as  we  rise  in  the  scale,  fusible  solids.  They  all  admit 
of  their  hydrogen  being  replaced,  apparently  to  the  extent  of  1,  2, 
or  3  eqs.,  by  chlorine,  bromine,  nitrous  acid,  and  amide,  and  ia 
the  last  case  they  give  rise  to  bases,  of  which  aniline  or  phcnyla- 

niine,  Ci«  Hi  N,  or  Cia  » 'jr    |  ,  ia  the  type.     Here  we  see  UBids 

combined  with  the  group  Cu  H«,  (C"  H»  (benzole)  miniu  H.) 
Ileuee  aniline  muy  be  regarded  as  ammonia  N  Ui ,  II,  in  which 
the  last  eq.  of  hydrogen  is  replaced  by  Cii  Hs.  To  the  group 
We  give  the  name  pheuyle,  and  beuce  aniline  is  also  called  phe- 
nyliuuine.  lieuzole  muy  be  regarded  as  the  hyduret  of  phcjiyle. 
Cii  Hi,  H.  Of  course  the  homologues  of  benzole,  namely  toluole, 
xylole,  and  oumule,  a*  they  yield  bases  homologous  with  aniline, 
give  rise  to  a  series  of  groups  or  radicals,  homologous  with 
pheuyle,  and  the  general  formula  of  which  L<  Co  Ua  —  i.  Since 
benzole,  ivlthough  derived  from  benzoic  acid,  which  contains  14  eqs. 
of  curlKiu,  has  itself  only  12  eqs.  of  onrbon,  it  cannot  contain  the 
radical  benzoyle,  but  is  itself  a  new  rudiool,  derived  from  it ;  just 
an  aeetyh',  dcriveil  from  cthyle,  contains  2  eqa.  of  hydrugt'n  leM 
tliiiu  etliylc.  The  following  table  will  show  some  uf  the  derivs- 
tiuus  of  bvuzole,  and  indicate  the  homologous  scries  to  which 
«(uih  belongs.  Only  tlio  com})Ouuds  connected  with  benzole  on: 
hero  named,  the  foruului  only  of  those  higher  ia  the  teriua  being 
given : — 
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BENZOPHENOXE. 


n.  Bcniojilienone.     CMHioOi  =  Ci!Hi  +  Cu  ILO>. 

This  ooini>ouud,  which  may  be  regardtd  as  formed  by  the  anion 
of  the  radicals  pbenyla  ond  benzoylc,  is  obtained,  nloufj  willi  other 
products,  when  bcnzoate  of  lime  is  distilled  with  a  little  liiuf .  A 
K'd  liquid  passes  over,  which  is  rectified.  Them?  then  distil,  fint 
benzoic-  or  hyduret  of  phenyle,  mixed  with  other  bodies  ;  theo, 
the  temperature  rapidly  rises  till  it  reaches  <i(K)°  ¥.,  tJie  iw>ei»iet 
is  changed,  and  the  liquid,  which  distils  between  6(iO'  aod  CM', 
is  collected  ajiart.  It  is  nearly  pure  beiuiophcnone,  and  on  stand- 
ing concretes  into  n  muss  of  crystals.  It  is  puritied  by  rocrystal- 
lisation  in  a  mLxlure  of  alcohol  and  ether.  It  forma  very  fine 
large  transjJBrent  crystals,  which  are  rhombic  prisms.  It  mcllj 
nl  llo'l".,  and  boils  at  r>(lU° ;  is  insoluble  in  water,  loluble  in 
alcohol,  and  still  more  in  ether. 

Its  formation  from  bcnzoatc  of  lime  is  tlius  explained,  2  (Ca  0, 
Cu  H.  O3)  =  2  (Ca  0,  C  0.)  +  Cm  IIio  Oi. 

The  presence  of  benzole  is  duo  to  a  secondary  decompotition,  tot 
benzoic  acid,  with  excess  of  lime,  ^nelds  benzole ;  ami  boiao- 
phenonc,  with  caustic  alkalies,  also  yields  benzole  and  benxoate. 

Hut  along  with  tlic  bcnzophcnone  are  found  two  oarbuhydrog«n>, 
which  are  isomeric  or  polymeric  with  naphthaline.  These  ana 
both  crystalline,  fusible  and  volatile,  but  differ  in  their  Rolu)>ilit7 
in  alcohol  and  ether.  Naphthaline  is  Cw  Ha ,  and  if  we  sup(H>M 
these  bodic*  to  be,  one  Cw  Ha ,  isomeric  with  naphthaline,  and 
the  other  Cm  Hh,  polymeric  with  naphthaline,  we  can  understand 
their  formation  from  benzophenone.  For  2  (Cm  Hto  Oi }  ^  2  C  Qi 
+  C«j  H»  +  Ciw  Hi«. 

With  nitric  acid,  bonzophcnone  pelds  a  new  compoond,  in  which 
2  eqs.  of  hydrogen  are  replaced  by  2  eqs.  of  Nitrous  Acid.     This 

is  binitrobenzophenone,  Cm  ^  i.  ^     J  0».     When  this  is  acted  on 

by  snlphnretted  hydrogen,  it  jnelds  a  oomponnd  which  has  bocu 
called  flavine,  from  its  yellow  colour,  but  which  is  i«ally  dipho- 
njle-urea,  that  is  urea  in  which  2  eqs.  of  hydrogen  are  rejihioed 

by  2  eqs.  of  phenyle.     Cm  ,  |^'q^  |  Oi  +  12  H  8=  8u  +  8  HO 

-)-  On  Hi>  Nl  Oi.     This  lost  formula  is  that  of  the  new  body,  for 

H 


and    diphcuyle-urea  is  C 


'2(Ciin 


.)! 


I 


nrea  is   Ci  H«  Kt  Oi, 

N,  0.=  CmHiiNiOi. 

Tlic  mixed  liquid  obtained  liy  distilling  benzoate  of  lime  was 
fiirmorly  described  as  bcnzonr  Cu  U»  0  j  a  formula  in  itself  im- 
priibuble,  from  the  occurrence  of  an  odd  namber  of  eqs.  of  carbon. 
For  our  present  more  exact  knowledge  of  these  curious  prodnotl* 
we  are  indcbti'd  to  ChanceL 
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12.  nydnjbeoaunide.    Cu  Hn  Ni. 

'  1  vol.  LydnPDt  of  benzoyle  and  20  vol.  of  strong  aqmi 

'  arc  exposed  in  a  hcmieticiiUy  scaltd  veagol  to  a  tem- 

lore  of  fnmi  105°  to  120°,  it  is  oonverfed  after  o  time  into  a 

He  VRMs,  which  ii;  to  be  washed  with  ether.     The  reaiiliie 

in  alcohol,  yiehls,  by  spontaneous  evajioration,  regular 

'   lydrobonzamide.     In  its  formation,  3  eq.  hyduret  of 

nd   2   eq.   ammonia,    produce    1    cq.    hvdrubenzamido 

water.     3  (C«  Ha  O.J  -(-  2  N  iU  ='  C».  Hw  N,  + 

lydrolieazamidc,  by  the  action  of  heat,  or  by  boiling  with 
aoatie  polaih,  is  converted  into  the  base  amarine,  isoiuerio 
riUi  it. 

Jtitric  acid  acta  upon  hydrobcnzamide,  producing  nitrohydro- 
ittmanidt,  in  wiiich  S  eqs.  of  hydrogen  are  rcplooed  by  5  of  nitrous 

trkcn  tliis  aubslonoe  is  boiled  with  potash,  it  is  transformed 
into  nitramarino,  a  bnie,  isomeric  with  it,  and  which  is  amarine, 
wHh  a  t»\K  of  nitrous  acid  replacing  5  oqs.  of  hydrogen. 

l{,  in  preparing  hydrobcuzamide,  we  employ  the  crude  oil  of 
UUcr  alaond*,  we  obtain  a  yellow  resinous  mass,  which  is  a 
vAxtareot fiytlrobenzamii/e,  henzhydramide,  azobenzoi/U,  andazotidt 
of  t»n-/)i//.  nil  of  tbi-m  discovered  by  Laurent.  13.  BenzJiy' 
irmi  iiierio  with  hydrobenzamidc,  but  is  not  converted, 

I  like  ^.-  .  .i...  r,  into  hyduret  of  benzoyle  and  sol  ammoiiiao  by 
artioo  of  hydrochlorio  acid,  14,  Azobenzoyh,  C«i  IIii  Ni, 
I  nrotli  K-rn  soluble  in  alcohol  than  the  preceding.  It  is  derived 
from  b»n».ylc  a«  follows:— 3  (C.  H.  0.)  +  2  N  H,  =  C„  Hi, 
+  C  H  O.  15.  AuitiJf  of  beriMi/le,  Cu  H»  N,  is  quite  inso- 
ble  in  boiling  alcnhul.  It  may  be  derived  from  anhydrous 
•etd  at  follows:— Cii  H,  0,  +  N  H»  =  C.  H.  N 
O. 
[  SMjr  bare  be  meotiuned  tliat  aniline,  which  is  analogous  t« 
aia  in  oonalitution  and  relations,  also  acta  on  hyduret  of 
laMoyW,  and  gives  rise  to  a  new  body,  hy(lrol>enr.anilido,  analo- 
to  hydrobonzomidc.  I  eq.  of  the  liydurct,  and  1  cq.  of 
,  lo«ing  2  cq».  of  water,  vicid  1  eq.  of  liydmbenzauilido,  or 
lanillde,  a»  it  1»  c:illed.  C.»  U.  0.  +  C.  lit  N  =  2  H  0  + 
C«*  Uii  N.  No  doubt,  nieUiA'lamine  and  ctbylamine,  which  are 
to  ■ash   more   analogous    to    ammonia,   will    yield   analogooa 

fTDlllMU. 

Cf»B  iirta,  a  fubttiinoa  which,  tbongh  feebly  basic,  is  yet  not 
•aakifMU  to  ammoaia  in  eonttilution,  acts  in  a  aomcxshat  unuVu 
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wny  on  the  hyduret  of  benzoyle,  yielding  water  and  a  new  pro- 
duct, benzoyle-iireide,  Cm  Hm  N«  0».  Thus,  3  (Ci*  Ha  Oi ) + 
4  C»  n.  Ni  Oj  =  0  II  0  +  Cw  H«  N.  Os. 

16.  Beuottilbine.     Cii  Hii  0«. 

Roohledcr  has  shown  that  when  hydrobcnzomide  is  heated  witli 
fused  potash,  tiU  the  mass  begins  to  blaoken,  three  new  sub- 
stances are  formed ;  namely,  a  yellow  oil  in  very  small  quantity, 
and  two  solid  crptallino  com{>ounds,  Benzostilbine  and  Itonio- 
lone.  Benzostilbine  is  best  obtained  by  heating  only  till  the  man 
becomes  like  gamboge.  It  is  then  purified  by  solution  in  alnabol, 
which  dissolves  it  readily  when  the  yellow  oil  is  present.  Whea 
llie  oil  is  destroyed  by  a  little  chlorine,  the  benzostilbine  is  imme- 
diately del  osited  in  small  colourless  cryst-ils  of  silvery  lustre, 
which  are  insoluble  in  water,  sparingly  soluble  in  aloohul,  and 
soluble  with  a  blood-red  oolouz  in  oil  of  vitriol,  from  which  WllM 
preciiiitatos  it  unchanged. 

17.  Benxolone.     C.i  H>0. 

This  compound  is  formed  in  greatest  qoantity  when  the 
mixtiiro  of  hydrobcnzamide  with  potash  is  heated  till  it  lK<comM 
bliickish  brown.  The  mass  is  then  washed  with  water,  and 
dissolved  in  oil  of  vitriol,  to  which  it  gives  a  splendid  red  colour. 
The  addition  of  weak  alcohol  now  causes  the  benjtoJono  to 
separate  in  small  crystals. 

It  is  obvious  that  the  two  preceding  compounds  contain  thd 
whole  carl>on  of  the  hydrobensamide,  without  any  of  its  nitrogOOi 
and  they  may  both  be  derived  from  it  by  tJio  addition  of  3  e<j.  of 
water,  oiid  tlie  elimination  of  2  cq.  ammonia, 

1  eq.  hjilrolienzaiiiiilc  .                                      .     C»i  Hk  Nt 
S  eq.  »ater 11.    Oa 


CuHuN.   O. 
Dttj  yield 

1  eq.  bonioftillune 0»i  Hn         0> 

1  eq.  beuxuloDe  .     .     On  U«  0 

2  eq.  ammouia II*  IT* 

Cm  B<i  N*   0> 

It  would  appear,  however,  that  benjolone  is  also  formed  from 
br-iizostilhine,  which  is  first  produced,  and  then  dcoomjMMl  by 
the  incrifised  boat,  llenzostilbine  in  fact  contuins  the  clentonU 
of  2  eq.  btnzolone,  with  an  cxocas  of  oarlxin  and  hydrogen,  which 
MC  pwtly  given  ofl'  in  the  form  of  curburctU<d  hydxugra. 
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D,  water  also  being  dscoraposcd,  tho    oxygen  of  which 
I  with  port  of  the  carbon  to  i'orra  corbuiiio  acid,  wliioh 
tUam  with  the  potash. 

18.  Anuirinc.     CiIInNi. 

I      Wb*a  Ui«  hyduivt  of  henzoyle,  or  rather,   tie  oil  of  bitter 
\  llaMMi*,  it  acted  on  br  aminoniii  and  ulcuhul,  tht-re  is  foand  an 

Mbose,  to  which  Laurent,  its  discoverer,  has  given  the 
amarine.     Its  formula  is  C«i  lii»  Ni,  and  it  is,  th^re- 
ATric,  or  polyraerio,  with  hydrobitnzamide.     It  is  a  well- 
■srkM  MM,  and  we  shall  return  to  it  as  such. 

19.  Lophine.     Cm  HioNi. 

Whtn  tifdrobenzamidc  is  subjected  to  tlie  action  of  heat  in 

el<M0  vcukIs,  there  is    furmed,  amoii^   other  products,   a  new 

■■|Bmo  bssc,  which  I^uinrent  has  named  lojihine.     It  has  distinct 

^^Bfe  properties,  and  will  bo  a^uin  referred  to  in  the  section  on 

^^naio  Imm*.     It«  fuTinnln  is  Cm  H  lo  N> . 

^^Plw  feraution  of  this  and  of  tlie  preoediag-  oomponnd  is  very 
^Wtwtipg,  as  proving  Uie  derivation  of  luKiies  having  the  high 
I  woiifhf  of  ihc  organic  bases  from  bodies  of  lower  equiva- 
tl  •<,  08  Well  as  the  isomeric  hydiobeuxaojido  and 

ing  all  derived  from  the   hyduret  of  beuzoyle, 
Ihrre  iu;iy  Vh'  Home  duubt  as  to  tlia  atomic  weight 
nt  bodies,  »urh  as    hydrolxiizoniidc ;   but    there   is 
'  any  as  to  that  of  the  bases  above  mentionetl,  wliioh  are 
lUy  formcii  by  the  coalescence  of  3  or  rooro  eqs.  of  the 
^ydinvt  of  benzuyle,  since  I  eq.  contains  42  or  40  eqs.  of  carbon, 
!  hydurvt  only  oout«ias  14  eqs.  of  that  element, 

SO.  Bcnilmide.     OuNHuO.. 

inff  to  Laurent,  this  compound  is  found  in  the  crude  oil 
almonds.     It  is  crystallisable,  and  appears  to  be  dccom- 
tiy  acids  into  benzoic  acid,  and  ammonia.      It   may    b« 
from  anhydrous  bibcnzoat«  of  amm<jnia   by  tho   sepa- 
of    2   (41.   of   wafer.      Cm  llio  O.    +   N  n»  =   Cm  Hh 
.4-  2  n  0.     l!iit  this   is  not  probable.     A   compound  pre- 
rimilar  b  uhlnined  when  an  ateoholic  solution  of  potash  is 
to  •  til'  ;  hydurct  of  bonzoyle  and  strong  hydro- 

add  :  :  miiound  yields  witli  aoids  ammonia  and 

•f  beiMuyW. 

21.   Besioini-.     C»  U..  0.. 

FbIjiiicHo  wjtii  hydurct  of  beuzoyle.    It  is  formed  when  as 
I  Mlutioo  of  potash,  or  sttlphuret  or  oyanide  of  potaasiuiu , 

1. 
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■oU  on  the  crude  oil  of  bitter  almonds,  eontaining  hydrocytnlo 
aoid.  It  separates  in  a  congeries  of  small  LTystalii,  iusolubli;  in 
water,  soluble  in  alcohol.  It  maj  be  vulatilis^'d  witliout  change. 
Siilphurio  acid  dissolves  it  with  a  violet  colour.  llrdrat«  of 
potash  melted  with  it,  forms  a  bonzoat«  of  potash,  with  di»- 
engoj^ment  of  hydrogen.  It  dissolves  with  a  violet  colour  ia  a 
hot  alooholic  solution  of  potash,  and  is  oonTert«d  by  boilin{B>  will) 
it  into  benzilio  acid.  Whou  its  rapour  is  passed  through  a  rrd- 
hot  tube,  it  is  converted  into  hyduret  of  bcoioyle,  or,  at  least, 
into  an  oil  smelling  like  that  comjraund,  and  passing  into  beozuia 
noid  on  exposure  to  the  air.  By  the  action  of  chlorine  it  lax* 
hydrogen,  and  is  converted  into  BeiiziU,  a  compound  haviag  t^ 
oomitosition  of  the  radical  bcnjsoyle. 

The  action  of  hydrooyanio  acid  in  promoting  the  formmtion  of 
benzoine  is  not  yet  explained  ;  but  it  is  oettoin  that  from  pan 
hydoret  of  benzoyle  wo  cannot  procure  it,  while  the  addition  of 
hydrocyanic  acid  ensures  its  formation.  It  is,  probably,  ftinMd 
by  the  simple  coalesct'noe  of  2  e(|8.  hyduret  of  benzoyle,  aai  lh» 
derivatives  of  bunzoine  most  Ukcly  agree  with  it  in  oomtaiiaiif 
28  e<xs.  of  carbon. 

2S.  Hydrobensoinamido. 

8t5.  Benzoinamide. — Igomerio,  or  polymeric  with  hydroben- 
zamide.  It  is  formed  by  exposing  a  mixture  of  benzoine  anJ 
ammonia  to  a  moderate  heat ;  and  appears  as  a  while  Taiitnlf 
jKJwder,  volatile  without  decompotitioo. 

23.  Bcnsoinam.     Om  N>  B«*  Ot . 

When  a  mixture  of  ammonia,  alcohol,  and  benzoine,  i»  left  tat 
soveral  months  in  a  closed  bottle,  there  are  formed  many  pro- 
ducts, among  which  are  the  preceding  compound,  bcnzoiuamids, 
and  a  new  substance,  benz/iinam,  wtiiob  is  with  diiHcuitv  purified. 
It  forms  small  wliite  needles,  the  formula  of  which  is  Cm  >'>  Il*> 
U< .  It  is  evideutly  formed  by  the  coalescence  of  2  eq.  benxulo4 
(itself  produced  by  the  coalescence  of  2  cq.  hyduret  of  benzoyle), 
while  ammonia  is  taken  up,  and  water  separated.  Thus  2  oq. 
benzoine  =  Cm  IIh  0»  ,  plus  2  vi^.  ammonia  Hi  II« ,  and  minut  6 
«q.  water.  He  Ot ,  are  equal  to  Cui  Xi  Ut*  0« . 

Benzoinam  dissolves  in  acids,  and  is  precipitated  by  alldliw ; 
it  seeoit,  thercfoiv,  to  have  the  cliaracters  of  a  weak  base. 

S4.  Beozile.     C»  Hu>0.. 

DTK.  Btniaylf, — It  is  formed  by  the  action  of  chlorine  go*  on 
BMJUd  benzfinc,  or  by  heating  bouzoiao  with  nitric  acid.  When 
cold  tho  inw*  ii  boiled  with  alcohol,   which  on  cooling  dupoaits 


i 


BEKZILE — BEN'ZILIC   ACID. 


147 


rin  erystola,  which  are  yellow  lix-sidcJ  prisms  ;  insolublo 
•oluble  in  a.lcohcil  and  ether,  meltiug  ut  lOd-',  and 
ndifile  without  dfOompuaitiuD.  Aa  aluuholio  solution  of  potash 
itiaotra  it  with  a  violet  colour,  and  ooaviTts  it  into  benzilio 
tdd.  Bentile  bai  the  oonipositinn  in  100  ports  of  the  supposed 
radiMi  benzoyle,  bat  there  is  good  reason  to  believe  its  equivalent 
t*  be  twice  as  high. 

25.  Bentitjc  Acid.     Gt.Hi.Oi  +  HO. 

^Formnl  when  bcn^ilc  or  benzoiue  is  dissolved  in  a  hot  alooholio 
lotion  of  potjuh,   and  boiled  until  the   violet  colour  at  first 
hat  dlsappi'ared,  and  is  no  longer  restored  b^-  a  fresh 
r  twtash.     To  the  boUing  solution  of  benzilato  of  potash 
-  -      •;.'.   is  added  in  excess,  aud  on  cooling  the  benzilio 
fii  .   in  colourless  brilliiint  crystals,  fusible  at  248°, 

uaiji'.,  iJiit  yielding,  when   heated,  benzoic  acid,  and  purple 
Sulphuric    acid   dissolves  it  with   a   bright  crimson 
~idhuT.     Its  formation  is  explained  as  follows  : — 1  eq.  of  benzile 
ap  2  oqs.  of  water,  one  of  which  is  incorporated   in  the 
whtl«    the    other    b  replaceable  by  bases.      Cts  Hio  0«  + 
L  0  =■  Cn  Hii  O,  -t- 11  0.    Benzilate  of  potiuh  forms  large  trans- 
soluble  in  wuter  and  alcohol. 

titiuiile — Cm  Hu  Ns?     Obtained  by  adding  ammonia 

ts  tiw  oil  produced  when  bitter  almonds  arc  distillid  per 
dflMcnsom,  and  dissolving  away  by  means  of  ether  all  other 
pwdnota.  A  white  powder,  deoomposed  by 'heat.  Ita  formula 
I  doabtfuL 

CynnobvnziU. — Formed  when  an  alooholio  solution  of  btu- 
I  w-onuod  witb  |  of  itj  volume  of  oonoentruted  hydrocyaiiio 
It  ia  deposited  in  largo  transparent  orystols,  the  oumponi- 
"  which  is  not  yet  known. 

2S.  Ofdarst  of  Snlphobantojle.  CuHiSi,  U. 
[  Om  Tol.  of  emd»  CMenoo  of  bitter  almonds  is  dissolved  in  8  or 
oX,  and  gradually  mix'-d  with  1  vol.  of  liydr»<.ul|ihurct 
After  a  time,  the  mixture  dep(wit<«  n  line  white 
brmt'd  of  grains  siuailer  than  those  of  starch,  which 
Ctva  te  tlw  fingrrs  a  very  [H'ri<i>'t<.>nt  odour  of  garlic.  It  is  iusu- 
l«ltU  la  WDtAT  and  ulrohnl.  Klhcr  Iii|uitie8  it,  but  a  few  drops 
of  •loolial  t«»toro  its  solid  form.  It  may  bo  considt-rod  as  the 
bydiuvt  nf  a  nvw  ndieai,  in  which  the  oxygen  of  bonzoyle  has 
ben  nqilaocd  l>v  rulphur.  Whfn  lirnled  it  melts,  and  if  now 
■Uuwn)  t'  •"  first  all  '  |ila-lio  moss,  und  at'ter- 

vmrds  a   !•  '.     If  kcpl  jr  souo  time,  it  crystal- 

but  ia  now  altered. 
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39.  Stilbene.     Ck  IIii. 

"When  the  preceding  coRi[>ound  is  strongly  heated,  it  giv 
n  Itir^e  quantity  of  sulphurttted  hydrogen,  and  a  little  of  il 
liquid,  apparently  bisulphuret  of  carbon.  Continuing  Uib  hc«t,| 
there  distil  over,  first  a  eubstonce  crystallising  in  pearly  (cnhs,! 
itiHienc  ;  and  later,  a  compound,  cry:itaUising  in  needles,  collvd 
by  Laun-nt,  the  di^covercr,  sulpkcsstile.  To  obtain  the  btilhenf 
pure,  the  first  crystals  are  dissolved  in  boiling  ak-obol,  which  , 
leaves  undissolved  the  other  body,  and  on  cooling  deposits] 
stilbene  in  tables.  These  being  dissolved  in  hot  ether,  form,  by  J 
alow  eva[ji«ration,  remarkably  tine  crystals,  with  the  pearly  I 
lustre  of  stilliite;  hence  the  name.  It  is  fusible  and  volatile,  and' 
combines  with  chlorine  and  bromine.  Nitric  acid  decomiiosei  it,  J 
giving  rise  to  several  new  products.  Chromic  acid  attMks  it] 
with  violence,  and  reproduces  hyduret  of  benzoyle. 

Chloride  of  stilbene  is  formed  when  chlorine  is  ;  lUgh  i 

melted   stilbene.     It  appears  in   two   isomeric   ru     .: u.»,  a 

and  &,  both  of  which  have  the  formula  Cis  Hu,  CIt,  but  ciy*- ] 
tollise  in  different  forms.  By  the  action  of  a  boiling  olnobolie  1 
solution  of  potash,  each  loses  1  eq.  of  hydrochloric  acid  (or  its  1 
elements),  and  thus  they  produce  two  isomeric  moditiuutions  of  ' 

a  new   oomponnd  Cii»   I  p,"  which    Laurent  calls    Chlostilbaie ; 

and  in  which  1  eq.  of  the  hydrogen  of  stilbene  is   rei>lBcrd  by  ] 
chlorine.     One  of  these  is  called  Chlostilbase  a,  the  other  Chlo-  | 
htilbase  b.     Iloth  are  oily  liquids,  but  they  arc  di^tinguislicd  by 
the  action  of  bromine,  which  combines  with   both,    prudacinfc  I 
again  two  isomeric  compounds,  both  orystallisuhle,  but  in  entirvly 

diUiirent  forms.  Their  eicpirioal  formula;  are,  a  Cn    !  ^.y'   +  Br* 

and  b  Cm   |    ^^.j"  +  Brt.    Wo  do  not  yot  know  what  is  the  dif- 
ference between  these    two  compounds,   but  there  most  be   ■ 
difference.     It  is,  perhaps,  that  the  particular  atom  of  hydrogen  | 
replaced  by  chlorine  is  not  the  same  in  eacli,  or  it  may  be,  that 
while  one  of  tttem  is  represented  by  the  formula  above  given,  the 


other  is  On  CI 


Br}' 


H  Br.     Or,   again,  one  of  them  may  b« 


C  «■  5"  I  ,  H  CI.    All  these  expressions,  and  many  more,  come 

under  tbu  name  general  formula. 

Along  with  chloride  of  stilbene  is  funned  another  compound, 
chloride  of  i:bIui>lLlbaite,  analogous  to  these-  brumide»  of  chlostil- 

K-1 


base.     It  is  a  crystaliisable  solid:    formula,    Ci 


a. 


I 
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combtnea  with  stilbeno,  forming  the  bromide  of 
►  Hn  ,  lirt,  whicb  is  a  white  powdtr. 
Wisefi  ftilbune  is  boiled  with  nitric  lu'jj,  it  forms  spveral  oom- 
pwif  not  ji't  fully  examinpd.  Amoug  these  are  Nitruslilbase, 
Hitiwtilb^tc,  and  Xitrostilbio  acid.  The  latter,  according  to 
Bt,  isC'ia  Hii  NOi«. 
J  30.  Ilijilurtt  of  Sulphatobenzoyle,  (Ci«  H»  Sj  Nj)  H,  or  rather 
Hia  i>t  Ni,  is  generally  foimed  along  with  hydiirvt  of 
Ipbobenzoylc.  It  H:em8  tu  be  byduret  of  benz  >ylc,  in  which 
2  eq«.  oxygen  of  the  benzoylo  are  repluced  partly  by 
•ulpbar,  parity  by  nitrogen.  Besides  these  oomixjunds,  Laurent 
ba»  deteriUU  a  hydrosulpharet  of  azubenzoylo,  with  the  strange 
fcromUCu  Be  $>;■.  Ou^^ht  it  not  rather  to  be  Ou  IIo  S  N,  or 
Cm  n»  S.  N>  f 


31.  Bromide  of  Beniole.     CiiBaBn. 


mnd  is  formed  ns  a  whit«  insoluble  powder,  when 

on    benzole.      An    aloobolic    tolution    of   potash 

drobromio  acid   (or    ita    elements),    and  uauscs  the 

Mf  ration     of    a  white     crystalline    body,    Cn   |  y,^       whkh 

JrfUBvnt  calls  hrnmobrnzinUe ;    and   which   in  formed  by  sub- 
of  bromine   for  half  the   hydrogen   of    beuzule.     The 

[ids  of  benzole  may,  thert^fore,  be  Cii      .. '  +  3  11  Br. 

IJi/'Irort/anale  of  bentuine. — C^i  N«  Hi»  0»,  is  formed  as  a 

mutter,  when  oil  of  bitter  alinonds  is  mixed  with 

•  lumo  of  dry  bydrocyouio  acid,  and  wormed  with 

1  volume  of  aqua  potassiu,  Sp,  G.  1-2J},  diluted  with  six  part* 

laalwL     It  uriiH's  from  Uie  action  of  3  eqs.  hydurel  of  Ijenxoyle 

2  «•!«.   hydrocyanic  add:    3  (Ci«  H«  Ui)   +  2  (C.  N  U)  = 

•  KsH..  0.  +  2  Ho. 

33.   UyJiucyaiKite  o/benziU,  Ci«  TIs  0.  +  Ca  N  II  =  Ci«  N  II, 

U  formed  by  direct  oombination  when  a  hot  alcoholic  sslution 

In  in  mixed  with  an  equal  bulk  of  anhydrous  hydrooyiutio 

It   forms    large   oulourlest   crystals.     Possibly    the   body 

Cyanobenisile  mootionud  above,  No.  27,  may  bo  idenlioal 

t  this  com[iound. 

bv  atiovi.-  is  but  a  brief  and  imperfect  notice  of  the  numerous 
1  which  have  been  obtained  from  oil  of  bitt<>r  almouds 
iloun  tninsfonuations  and  ilcoompDsitioiis  above  men- 
"trol'ijMy  U"  lio*  yielilwl  so  rioh  a  harvest  of 

^Moorary  a*  this  run:  I,  mid  for  our  knowledge  of  the 

mtw  piwlueU  w«  aro  iudvblcd  tu  Liix:bi^and  WObler,  UitschoiUoli, 
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Zioin,  Roohlcder,  but  above  all,  to  Laurent,  wlio  has  ditooTorrd 
by  far  the  greater  part  of  them. 

In  the  recent  work  of  Oerhardt  on  Organic  ChemutTy,  the 
reader  will  now  find  the  most  complete  account  of  all  these  oam* 
pounds,  08  well  &a  of  many  othera  which  are  not  here  iiuerted,  Ibr 
want  of  (pace,  iiud  also  beoauBc  those  which  have  been  notutd 
include  the  chief  products  of  the  principal  reactiumt,  and  will 
■uffioe  to  give  a  notion  of  the  principles  which  regulate  «ach 
trunsforuiatiuns. 

The  htudy  of  these  compounds  has  shed  great  li^ht,  and  will, 
in  future,  shed  much  more,  on  the  origin  of  tlio  more  oomplax 
organic  molecules.  In  several  instances,  we  see  2  or  3  eq*.  of 
hydurct  of  benzoyle  coalescing  to  yield  I  eq.  of  a  new  and  more 
coui[>lex  substance,  either  with  or  without  a  change  in  tlu 
relative  proportion  of  oxygen  and  hydrogen,  and  with  or  without 
the  addition  of  nitrogen.  According  to  Laurent,  compounda  exist 
in  which  4,  6,  and  even  9  cqs.  of  the  hyduret  have  oooleaoed. 

It  was  mentioned,  in  a  former  part  of  this  work,  that  oar  pomr 
of  artitiuially  forming  bodies  which  occur  as  products  of  otlfMM 
life,  was  limited  chiefly  to  the  decomposition  or  splitting  up  of 
complex  molecules,  such  as  those  of  sugar,  saliciue,  uric  acid,  or 
fibrine,  into  less  complex  molecules. 

But,  although  this  is  still  true  of  the  actual  product*  of  Ofgaaic 
life  which  have  been  imitated  in  the  laboratory,  tlie  facta  above 
described  show  thot,  under  certain  circumbtacccs,  we  can,  from 
the  leas  complex  nioUoulcs,  build  up  more  complex  one*,  w  u 
to  produce,  if  not  the  aetual  products  of  organic  life,  yet  subslaaoc* 
entirely  analogous  to  them,  and  tqually  complex. 

Thus,  the  artificial  bases,  amarine,  lophioe,  and  benzoinoa, 
have  equivalents  higher  than  those  of  the  vegetable  alkalie*, 
morphia  and  quinine ;  and  we  have  almost  demomstnitiTe 
evidence  that  these  three  oompounds  arise  from  the  rvrerM 
process  to  that  which  yields  urea,  formic,  oxalic,  and  salicylic 
acids.  The  latter  are  obtained  by  processes  of  oxidaliom,  which 
tend  to  split  up  the  more  complex  molecules  into  less  complex 
ones :  the  former  are,  on  the  contrary,  built  up  out  of  the  leas 
rMmplex  molecules,  by  processes  of  reduction.  There  are  otktr 
«,  of  recent  discovery,  which  establish  the  same  principle. 

Now  we  know,  tiiat  the  distiuijuishing  feature  of  vegetable  Uf* 
is  the  power  of  reduction  possessed  by  planta,  which  easily  deprive 
carbonic  acid  of  its  oxygen,  an  operation  requiring  a  prodigiooa 
chemical  force. 

We  ore,  therefore,  warranted  in  concluding  that  we  shall  in 
time  succei'd,  by  means  of  the  variuus  iirocetsca  of  nduction 
known  tu  ohemiats,  (and  possibly  of  now  melhuda  ahw),  in  pro. 


COMPOUNDS  DERIVED   FROM    BENZOYLB. 


151 


f,  for  example,  the  yegetftble  alkalies,  morphine,  quinine, 
1  fbrfchiune. 

m*  oonsidemlion   giyes  to  the  compounds  of  the  Oenzojie 
,  aail  their  derivatives,  a  high  degree  uf  int«rc8t,  far  sur- 
Ibat  whioh  would  attach  to  them  as  a  mere  list  of  neir 
•eiipeanda,  «Mih  poMeating  a  distinct  composition  and  distinot 

BEWrOIC   ALCOHOL. 

Tha  hydorot  of  bcozovle  may  be  congidered  as  the  aldehyde  of 
beasoie  acid,  bearing  to  that  acid  the  same  relation  as  aldehyde 
I  to  aoetio  acid.     This  has  been  already  alluded  to  ;    but  some 
Iditional  facta  have  rendered  this  view  more  probable.  Wo  have 
In-ady  «een  that  the  hyduret  agrees  with  aldehydes  in  general  in 
arming  erritaliine  compounds  with  the  bisulphites  of  potash  or 
imonia. 

A'ow  Connizzaro  has  shown  that  the  oily  liquid  which  separates 
Muen  the  hyduret  is  acted  on  by  an  alcoholic  solution  of  potash, 
I  tiie  furmula  Cu  Ha  i)i,  which  has  the  same  relation  to  the 
bjrduivt  ,a«  alcohol  has  to  aldehyde,  and  he  therefore  calls  it 
booaoio  aloohol.  It  is  a  colourless  oily  liquid,  heavier  than  water, 
•ad  hi-''  "i(  tive,  boiling  about  400°  K.  Its  rational  formula, 
CQ  Uu.  a  that  it  is  un  alcohol,  will  be  Ci«  U>  0,  HO,  and 

alioiu  ul  the  acid,  the  aldehyde  and  the  aloohol,  may  be 
I  with  those  of  aoetio  acid,  aldehyde,  and  aloohol. 


B«uo]rla  •erica. 
AMefarde    Ci.H<Oi 
Acid  G.«U«0< 

Alcohol        Ci.  H>0> 


Acatylt  aarttft. 
C.H.Ot 
C<H.O. 
OtHaOi 


TUa  ralation  is  not  found  in  the  formula  only ;  for  benzolo 
•ImImI  >•  converted  into  hyduret  of  benxoyle,  its  aldehyde,  by 
iiitr  uLTiift,  just  as  aloohol  is  into  aldehyde ;  and  the  olde- 
I'ln,  passes  into  the  add  in  both  scries. 
.  -,.,..ur,  theroforo,  that  hyduret  of  benxoyle  possesses 
feniot  kinds  of  characters.  "We  have  seen  that  it  exhibits 
lot  a  oompouiid  of  hydrogen  with  the  radical  beuzoyle,  whioh 
'  be  mod*  also  to  iximhine  with  chlorine  and  other  bodies.  And 
I  tbaothrr  bund,  it  has  the  com^Hisition  and  chemical  relations 
tl  aa  aldehyde,  and  in  this  view,  is  not  a  compound  of  hydrogen 
with  bantoyU,  U  +  Cu  11.  0, ,  but  the  hydraUKl  oxide  of  a 
CAwaat  radical,  +  (Ci*  Ih)  0,  H  0,  the  nulical  here  being  a 
•ariio  ■  .1  Ci*  lia,  annhipuus  to  acetyle  C«  Hj. 

Jt  '  t  to  l>ear  in  mind,  that  a  compound  may  not  only 

b(  niiraKalcd  by  two  diU'eront  furmul»,  but  may  exhibit  in  its 
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ohrmical  relations  two  ceti  of  oharactera  ooiresponding  to  tlw 

f  diffcruut  formule. 

Gerhardt  calls  tlie  benzoic  alcohol  hydrate  of  tolaenyle,  the 

[latter  name,  toluenyle,  being  that  of  a  supposed  radical,  Ci>  IItO. 
It  will  bo  seen  that  his  formula  is  the  some  as  that  given  above  for 
the  alcohol,  namely  Cu  Ur  0,  HO  ;  only  he  regards  it  as  tb« 
hydrate  of  an  oxygenated  radical,  while  Cannizzaro  oonsiden  it 
as  the  hydratcd  oxide  of  the  carbo-hydrogen  Cit  Hr  analogooa  to 
ethyle,  and  homologous  with  phenyls;  thus  (Ci«  Ht  )  O,  HO.  So 
that  two  different  views  may  be  taken  of  the  ooustilotiaa  of  the 
beiuoio  alcohol  as  well  as  of  ita  aldehyde. 

APFEXSIX  TO  BESZOTLB. 


1.  Amjgdalioe.     Cm  N  Hit  On. 

Is  found  in  bitter  almonds,  in  the  leaves  of  the  cherry  laurel, 

and  probably  in  the  kernels  of  all  the  bitter  species  of  omygdolos 

|«iidprunns,  as  the  peach  and  plum.     To  obtain  it^  bitter  almonds 

Ive  pounded  and  forcibly  pressed  between  warm  iron  plattw  to 

[remove  the  fat  oil  (oil  of  almonds).     The  marc  or   residue  is 

boiled  with  alouhol  of  9^  per  cent.,  and  the  tinctures  distilled  off 

in  the  water-bath  to  the  consistence   of   syrup.     This   liquid, 

which  contains  amygdalino  and   sugar,  is  dilated  with   water, 

mixed  with   yeast,   and  set  aside.     When  the  fcrmcntatioa   is 

over,    the  whole  is  filtered,  and  again  evaporated  to   a  syrnp, 

which  being  mixe<l  with  a  large  excess  of  cold  alcohol  (of  94  per 

cent.),  or  with  half  its  bulk  of  ether,  deposits  the  amygdaline  as  a 

white  cryslalliiio  powder.     This  is  pres-ied  in  folds  of  bibulooi 

paper,  and  finally  purified  by  refloated  crystallisation  from  boiling 

I  alcohol.     It  forms  crystalline  scales  very  soluble  in  water,  verjr 

■paringly  soluble  in  cold  alcohol,  but  more  soluble  in  hot  alcuhoL 

'  It  has  a  bitter  taste.     When  heated  it  emits  an  odotu  lika  that  of 

May  bl'tssom,  and  leaves  a  bulky  coal. 

When  diiitilled  with  uitrio  acid,  or  other  oxidising  agents,  it  is 

iresolvcd  into  ammonia,  hydurct  of  benzoyle,  benzoic  acid,  formio 

acid,  and  carbonic  aoid.   Caustic  alkalies  convert  it  into  ammonia 

and  amygdalinio  acid:  permaaganato  of  potash  oonverta  it  into 

cyaoatG  and  btnzoate  of  potash, 

2.  Amrgtlalinic  AciJ.     Cw  Hu  Om  -f  BO. 

Prepared  by  boiling  amygdalino  with  baryta  aa  Jong  a* 
ammonia  is  given  oif,  and  then  removing  the  bar>'t«  from  the 
soluble  amygdaiiiiate  of  that  base  by  sulphurio  aoid.     By  era- 
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^-iclds  a  transparent  amoqilious  mzas,  which   has  a 

maciJ  taste.     Nitric  acid,  niiJ  other  oiiditJng  ngenla, 

into  hydiiret  of  btnzoyle,  with   forniio  und   benzuio 

Ita  MitB  are  almost  oil  soluble ;  tlicii'  formula  is  C*q  Hm 

3.  Oirtilled  Wat«r  of  Bitter  Almonda. 

I  Bxp««Med  bitter  almooda  are  made  into  a  tliia  cream  irith 
r,  and  this  distilled  in  the  heat  of  a  obluride  of  calcium  bath, 
>  i{UaQtity  of  water  has  passed  over  equal  in  weight  to  the 
nd*  Infore  being  preesed.  The  distilled  water  is  milky,  from 
aded  oil  of  bitter  almonds,  and  smells  both  of  byduret  of 
fceuojk  and  of  hydrocyanic  atid.  When  freshly  prepared,  it 
eontabu  little  more  than  1  grain  of  hydrocyauio  acid  per  ounce ; 
it  it«  ntnogtli  diminishes  by  keeping,  and  as  il  is  difficult  to 
btain  il  of  uniform  strength  even  when  fresh,  it  is  not  a  good 
of  administering  hydrocyanic  acid.  It  is  remarkable  that 
of  lilver  docs  not  detect  the  hydrooyanio  acid,  unless 
ftia  is  added  with  the  nitrnte,  and  after  a  time  neutralised 
acid.  It  is  used  in  medicine,  especially  on  the  Coatineut, 
i  b  poiaonous. 

4.  Unrcl  7ater. 
[Obtaitted   by  dbtilling  two  parts  of  fresh  leaves  of  pruntu 
witli  water  till  three  parts  have  passed  over.     It 
llubles  the  preceding  water,  and  is  equally  uncertain, 
if  poisonous. 
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KUmr  almonds  oontain,  like  sweet  almonds,  a  lar^  quantity 
of  an  albuminous  or  caseous  matter,  called  emultine  or  ii/naptoM, 
along  vilh  abuiidance  of  a  mild  fat  oil,  the  oil  uf  nlm>iuds,  very 
to  oliv«  oil.  but  in  addition  to  these,  the  bitter  almonds 
4  or  5  per  cent,  of  omygdaiine,  which  is  nut  present  iu 
,  almonds. 

Sow,  if  the  amygdaline  bo  removed  by  boiling  alcohol,  the 
Kudni),  when  dislilknl  with  water,  does  not  yield  a  trace  of  the 
volatila  oli  of  bitter  almonds.  Again,  if  the  residue  of  the  bitter 
aflvr  the  ftit  oil  has  been  pressed  out,  be  heated  to  suoh 
;  OS  to  ooaifulste  the  emulsine,  before  water  is  ad  Jed,  the 
tioB  also  yields  no  volatile  oil,  even  altliuiigh  the  a:iiygda- 
nt. 

I  prove  that  the  production  of  the  volatile  oil  of  bitter 
I  on  the  proscutjv,  lirst,  of  amygdalino ;  soooudly. 
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of  soluble  einiil«ine  ;  and  that  it  is  the  result  of  the  mutual  aHina 
of  tliosii  bodies  on  each  other.  This  is  further  demonstrated  bj 
the  fact,  that  if  aioygdnltue  bo  placed  in  contact  with  the  emulsina 
or  synaptose  of  tweet  almondt,  and  water,  distillatioQ  of  lb* 
mixture  now  yields  the  oil  abundantly. 

^Vhen  the  solution  of  10  [Mirts  of  nmygdaline  in  100  of  watar 
is  added  to  a  solution  of  I  part  of  synaptose  in  10  of  water, 
mutual  decomposition  at  once  takes  place :  the  liquid  acquires 
the  odour  of  hyduret  of  benzoyle  and  of  hydrocyanic  acid,  and 
when  distilled  yields  the  crude  oil  of  bitter  almonds,  which  is 
a  mixture  of  these  two  compounds.  The  residue  of  the  distil- 
lation contains  sugar  in  such  quantity,  that  it  is  probable  the 
elements  of  the  synaptase  have  contributed  to  form  it ;  and  when 
this  sugar  is  destroyed  by  fermentation,  a  fixed  acid  is  fnund.  If 
the  synaptase  has  been  coagulated,  it  has  not  the  alighteat  action 
on  amygdalinc. 

When  the  expressed  bitter  almonds  arc  moistened  with  watar, 
the  very  same  reaction  occurs ;  and  if  enough  water  be  preMBt 
hto  dissolve  the  oil  as  it  is  formed,  the  whole  amygdnline  dis- 
'  Appears  in  a  short  tima  But  if  tlie  expressed  almonds  be  thrown 
into  boiling  water,  the  synaptase  coagulates,  and  con  then 
produce  no  change  in  the  amygdaline.  To  obtain  the  full  pro- 
portion of  oil,  1  part  of  exprewed  almonds  ahould  be  maoarated 
for  twenty-four  hours  with  20  parta  of  wat«r  at  about  103*,  aad 
then  distilled. 

100  parts  of  amygdaline  produce  47  of  erode  oil,  sod  tbete 

47  parts  of  crude  oil  contain    almost  exactly  6  of  anhydrous 

hydrocyanic  acid  ;  so  that  17  grains  of  amygdaline  dissolved  in 

1  oz.  of  emulsion  of  tweet  almonds,  yields  a  mixture  containing 

1  grain  of  dry  hydrocyanic  acid,  and  eonaequently  of  tl>e  Mine 

atrength  as  the  distilled  water  professes  to  be.    This  mixtnra  haa, 

,  besides,  the  advantage  of  containing  the  hyduret  of  benzols  praaaat 

in  the  distilled  water,  to  which  is  perhaps  owing  the  suporioritjr 

of  the  distilled  water  of  bitt4.'r  almonds  on  laurel  leave*  OT«r 

mere  diluted  hydrocyanic  acid,  a  superiority  whioh,  according  to 

>the   conliiiental   physivians,  is  very  decided  and   obvious.     Tbo 

[•bore  simple  recipe,  given  by  Liebig  and  Wohler,  is  admirably 

I  Adapted  for  extc-m[>oraneous  uae,  and  the  mixture  ought  norer  to 

be  made  in  a  larger  quantity  at  a  time,  as,  like  the  distdled  watcv, 

it  alters  by  keeping. 

In   the    ubavo    remarkable    deooaipoaition,  wo    hava  a  xvy 

besutiful  example  of  a  metamorphosis  in  which  the  elements  of 

two  bodies  lake  a  share  :  but  as  Uie  whole  of  tiie  producta  are  not 

U«t  exactly  known,  and  even  the  composition  of  the  cmuiaine  or 

-  i|yiM|itaM  is  uuocrtoiu,  wa  cannot  axplain  the  whols  ohaug«  with 
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We  know,  however,  that  from  1  eq.  amygdaline,  Cm  N 
Hh  Urn,  the  following  compounds  may  be  derived; — 

I  wi.  tiTdroffTuiic  acid  .     Oi  MH 

t  «<|t.  hjdaret  erf  beazn?le C»     Uii  Ot 

I  «q.  tagtr       ...  .  .     C     Ui    Ui 

^B        7  a^i.  wmUr     .  Hr    0. 

^P        1  cq.  UDfcJAline CwNBu  Om 

41mi  I  eq.  wnygdaline  acid,  Cut  Hto  On,  may  yield  : — 

S  «q^  ionnie  ttU Oo  Hi    0« 

S  cqa.  kjMorct  of  beiuwjrie  .     .  Cu  ILt  0< 

I  eq.  imt>it C<  111    Oi 

9  »n«.  w»>«T         .  H»   0» 

1  aq.  aayfilaUiiie  add C<a  B»  Um 

Xov,  we  ooa  traoe  all  thc«o  products  among  the  results  of  this 
tnMforiBAtioa  ;  and,  it  i»  probable,  not  only  that  there  is  more 
nigu  tkaa  e*n  be  accounted  for  by  the  amygdaline,  but  also  that 
cthir  fniaeU,  not  yet  known,  are  formed  :  as,  for  example,  the 
AswA  aeid  abore  alluded  to.  The  emuUine  or  synnptase,  which 
fcodaon  Uii*  remarkable  change  in  amygdaline,  in  which  it  itself 
■attMifataa,  oootoias  nitrot^n,  is  soluble  iu  water,  ooagulable  by 
uoat,  »ai  in  short  very  analogous  both  to  albumen  and  oaseine, 
•long  with  which  «e  shall  again  notice  it.  In  the  almond  it 
^ttffi»n  to  be  aeoompanied  by  albumen. 

^^L   W«  hsra  steo,  above,  that  the  assumption  of  the  existeooa  of 

^Bm  radieal  bcnxoyle  brings  a  number  of  compounds  into  a  more 

^BfuOy  nadentood  form,  and  very  materially  aids  the  memory  by 

^■#ialilin|f  us  to  olaa&ify  these  compounds  as  analogous  to  other* 

bttler  known.     Other  views  may  be  taken  of  this  st-rius  of  com- 

focada:  lur  example,  according  to  Dumas,  hyduret  of  benzoyls 

IM^  be  rrpreavutvd  OS  a  uompouud  of  benzoic  acid  with  a  uarbo- 

Ikfdreftii;  2  Cit  Ha  Oa  +  (Cu  lis)  H>,  benzoic  acid  btriug  the 

tmxid*  and   tho  carlio-hydrngen   the  t«rhydurct  of  the  body, 

Oi«H»:  fo«  2  (Ci.  H.)  0»  +  (Cu  U«)  U»  =  Ci  IK.  0.  =  3 

(Cm  B«  (>s)^3  Bz  U.     The  same  view  might  bo  cxtonded  to 

of  the  olbcr  ooniiiounda  of  bonzoylc,   but  it  is  complex, 

saanol  w«U  be  uppUud  to  benxamide,  hydrobonzamidc,  and 

k*M«J  otkora,     Agiiiu,   aooording  to  MitAchirlivh,  benxuio  aoid 

lOi«  U4.+ :!  C  (>i;  that  is,  benzole  plut  'i  eiis,  carbonic  acid; 

dry    lienzuate    would  contain,  uiiitc-d    to  the  b:i8e,  the 

body  btmtiila,  Cu  Ua,  and  the  equally  hypothetical 
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anIiTdroQS  oxnlic  acid,  C«  Oj.  Theso  vicwe  oppc-nr  both  to  be' 
all  respects  inferior  to  that  which  we  have  ailopte<l,  and  which 
muBt  be  rctaiupd,  until  a  butter  shall  be  proposti'd.  H  I  under- 
stand rightly  some  expressions  in  a  papiT  by  Laurent,  that 
ohemiat  considered  hyduret  of  benzoyle,  Ci*  Ha  0«,  a<  lh« 
oxide  of  a  radical  bemtne;  but  it  does  not  appear  whetlirr  it  i* 
(C»4  H. )  +  0. ,  or  (Cm  H«  0)  +  0.  The  term  oxide  of  bmxene, 
however,  may  be  applied  to  one  of  the  isomeric  modifications  of 
the  hyduret. 

It  has  already  been  stated  that  benzoic  acid  is  the  starting- 
point  of  a  series  of  homologous  acids.  Ono  of  theso,  tolaylio 
acid,  will  bo  described  further  on,  after  the  cuminic  add,  and 
under  the  bakam  of  tolu,  with  both  of  which  it  is  conaeated: 
but  a  third,  namely,  the  ouminio  acid,  agrees  still  more  oloMly 
with  benzoic  acid,  and  especially  in  the  existence  of  a  comixmnd, 
analogous  to  and  homologous  with  hyduret  of  benzoyle.  This  is 
the  oxygenated  oil  of  oumine,  do  Hn  Oi,  which  may  be  Tiewvd 
aa  hyduret  of  oumyle,  C»o  Iln  Oi,  IT.  When  oxidised  by  nitric 
acid,  it  yields  cuminio  acid,  Cto  Hn  0»,  HO  or  Cio  Hit  0«, 
which  is  ctystalline  and  volatile,  like  benzoic  acid.  When  beatod 
with  bases,  it  yields  oumole,  Cja  Un,  homologous  with  bcnaola; 
which,  like  benzole,  also  yields  substitution-products,  as  in  the 
fourth  column  of  tlie  table,  p.  141,  in  which  chlorine,  bromine, 
nitrous  acid,  and  amide  are  substituted  for  part  of  its  hydrogen. 
Details  are  unnecessary,  as  the  analogy  of  properties  with  tha 
corresponding   compounds  of  the    benzoic  scries  is   remark( 

and  is  the  chief  point  of  interest.     Curaole,  howeyer,  is  on 

dient  of  the  crude  oil  of  cumine,  and  is  best  obtained  from  that 
'  toame.     It  is  also,  like  benzole,  tuluole,  and  xylole,  found  in  12m 
oil  of  tar. 


XIV.  SAUCTtm     Cu  Hi  0<  =  Sa. 

This  is  the  hypothetical  radical  of  a  reniark.iblo  series  of  com- 
pounds;  and,  OS  such,  belongs  to  the  same  group  as  benzoyle. 
Its  must  interesting  comiMiind  is  the  hyduret  of  aalioyle,  which 
we  aLoll  tlicrefore  first  coui>idur. 


1.  njfdtiret  of  Salicvle.     C.  II>  0<,  H  =  Sa  H. 

Srjr.  Salicylom  Arid. — This  compound  is  found  as  the  chief 
ingredient  in  tlio  e»iienoo  of  meadowsweet,  that  is,  the  essential 
oil  obtained  by  distilling  the  Howcrs  of  »j>ir<ra  ulman'a  with 
water.  It  is  prubublo  that,  like  the  etsenoe  of  bitt<'r  iilmonds,  it 
is  formed   by  ihu  motojaorphosia  of  a  compound  or  ooaipouods 
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;  in  the  flowers.  The  crudo  essence  is  distilled  with  aqua 
pofi—1,  irliich  cunibine^  with  the  hyduret,  and  an  oil  di^ilils  over 
.1  be  a  oarbo-hj-dro{?en.  The  salt  of  potash  beint; 
idth  a  slight  exofss  of  dilute  sulphuriu  acid,  yields 
,  of  salioylc. 
|1)c  obtained  by  distilling  one  part  of  solicine,  one 
note  uf  jHitash,  two  and  a  half  ol  oil  of  vitriol,  and 
IvBitT  of  wat(<r,  t4.i);«t.her.  The  salicinu  is  dissolved  in  part  of 
(lie  Water,  and  the  acid  diluted  with  the  rest.  The  mixture  is 
tlMB  made  in  a  retort,  und  after  the  effervescence  which  takes 
|laM  U  over,  the  whole  is  distilled,  and  yields  the  hyduret,  to  the 
•mauat  of  one-funrth  of  the  nalicino  employed. 

Rydont  of  salicyle  it  an  oily  colourless  liquid,  having  a 
fnigiaut  aromatic  odour  and  a  burning  tjiste.  Its  Sp.  O.  is 
l'17-5;  !■ 'ils  about  380°.     With  chlorine  and  bromine  it 

■. itution-('om[K«inds.     With  bases  it  forms  salicy- 
pt«.  water  beins;  scporiited.     H  Sa  +  M  0  =  U  0  +  M  8a, 

,  il  has  the  characters  of  an  acid. 
Salirylurtt  of  ammonium,  8a,  N  H* ,  is  formed  when  conoen- 
utrd   ammonia  ia   poured   upon   hyduret   of  salicyle.     It   in   a 
Jow  kolid,  having  u  fnttit  odour  of  roses.     When  moist,  this 
is  de<v)m  [losed    »[H)atAneously,   becoming  bluok,  and  giving 
ammonia    und    an    odour   like    that    of   roses.     With   dry 
ftiocal  gas,  hyduret  of  salicyle  forms  the  compound  3  Sa 
ISH.. 

»tle,  C«9  Xi  His  Oa,  is  formed  when  canstio  ammonia 

»p  by  drtip,  to  a  solutinn  of  1  vol.  hyduret  of  solioyle 

ithol,  onJ  the  small  yellow  crystals  which  first  formed 

[  by  >  gentle  heat.     Oti  standing,  salicylimide  appears 

of  golden  yellow   brilliant  prisms.     It  is  formed 

teqs.  byduiet  of  salicyle  and   2  eiis.  of  ammonia,  by  the 

Sou  of  0  WIS.  water,  3  (C.4  II,  0.)  +  2  N  Us—  6  U  0  = 

Iin  On .   A<  if  i»  no  longer  soluble  in  the  liquid  from  which 

flr«'  I,  it  is  probable  that  the  yellow  salt  first 

,  \()  d  in  the  alcohol  by  aid  of  a  gentle  heat, 

:m,  wbiob,  by  excess  of  ammonia,  was 

in 

laalta  ot  tiie  hyduret  ..f  ..ili.vlo  or  hydrosalicylic  acid,  are 

tX*4,  for  the  moxt  pint,  uc  iiding  to  the  Iwrraula  Sa  M. 

iuin  salt  8a  K,  when  exposed  to  the  air  in  a  moist 

'becomes   first   green,    then   black.     When    the  change  is 

Bplote,  WBl«r  dissolves  aceUta  of  potash,  and  leaves  a  blauk 

0^  meianic  acid,  Cio  H«  0»:   1  eq.  of  solicyluret  of  potas- 

1  eq«.  water,  and  3  eq».  oxygen,  contain  the  element  of 

I  of  {lotaab,  and  I   oq.  melanio  auid,  Ci«  Us  Ot,  K  -f 
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3  H  0  +  0>=  C«  H*0*,  K  H-  Cio  H4O11.   Helanio acid OMDbinM 
with  bases. 

Ettling  and  Stenhonse  haTe  shown  that  when  the  sali«ylur«t  of 
copper,  Cu  Sa  =:  Ci*  lit  0*  -(■  Cu,  and  the  bt'nzoato  of  oo|iptr, 
Cu  0,  Ci4  Hs  Oi ,  M'liivli  is  iaomerio  with  it,  arc  diatillcd,  MTttal 
new  products  are  formed.  Among  these  are  salicylic  acid  uhI 
two  crystalline  neutral  comijounds. 

Parasaliq/le  is  a  product  of  the  action  of  heat  on  saliejrlarvt 
(salicylite)  of  copper.  Its  formula  is  Cu  H>  Oi ,  and  it  ha*  the 
oomposition  of  anhTdrous  benzoic  acid,  or  of  salicylous  acid, 
(hydarct  of  salicyle  viewed  as  on  oxrgvn  acid),  a*  it  existJ 
in  its  salts.  The  cop(ivr  salt  from  which  it  is  formrd  majr  be 
represented  cither  as  Cu  H»  O4  +  Cu,  or  as  Cu  ().  Cu  Ut  Oi. 
Parasalicyle  is  fusible  and  volatile,  and  only  attacked  by 
acids. 

When  bcnzoate  of  copper  is  distilled,  there  is  farmed, 
salicylic  acid,  a  neutral  volatile  crystalline  compound,  whiuh 
contains  1  eq.  oxygen  less  than  porasalicyle,  and  the  formula  of 
which  is  consequently  Cu  Ha  Oi .  It  is  therefore  ikooierio  with 
benzile,  and  has  the  composition  of  the  radicjil  benzoyle.  Indeed) 
as  it  yields  benzoic  acid  when  acted  on  by  [>otash,  while  b<<nxil« 
yields  benzilio  aoid,  it  may  very  probably  be  that  radical  It  has 
not,  however,  been  named  by  Ettling,  who  dii^covered  it. 


i 


2.  Salic^Ue  Acid.     (Oi.  H>  0.)  0,  II  0=S«  0,  HO  =  Sa Ot,  IL 

Formed  when  hyduret  of  salicyle  is  heat«d  with  hydrat*  «f  I 
potash  till  tho  mass  luses  its  brown  colour.     nydro.!vn   is  givea  j 
off,  and  salicylate  of  potash  is  funned.     Iiydr>;e)il(>ri>.  iicid,  added  I 
to  the  solutiuu  of  tliis  aoUt,  causes  the  de|io9itioa  uf  crystoU  ckf 
salicylic  acid. 

The  same  acid  ia  formed  when  coumarine,  the  st«aropten«  or 
camphor  uf  the  louku  bcun,  is  aeti-d  on  by  caustic  ]>utash.  Monv- 
over  the  essential  oil  of  wiiiter-prcen,  or  Gaullhvria  firoeumbciu, 
appears,  by  tho  rcicorches  of  Cahonrs  ami  UiTliurdt,  to  bo  Uio 
nilicylnto  of  oxide  of  methyle.  The  acid,  llitrvfore,  ia  moat 
readily  iihtjiincd,  by  gently  heating  tliis  oil  wilb  a  tli^;ht  exeeu 
of  ]K>tnsh,  and  afterwards  adding  an  acid,  when  the  kalicylic  aotd, 
lieinti;  very  opniin^ly  soluble,  ia  deposittd.  It  is  easily  puritivd 
by  rcoryKtallisaliuu,  and  aometimua  forma  crystals  ouo  or  two 
inches  in  length. 

Solicylic  acid  orystallLica  in  tufls  of  slrnder  prisms,  »««y  like 
brnzoio  acid.  It  may  W  sublimed  without  dvcomfiusition.  Ilia 
formation  of  thU  acid  from  hyduret  of  salicyle  is  very  simple: 
Cu  U»  0.,  U  +  K  0,  H  O  =  Cu  III  U.,  K  O  +  Ui.     Whoa 


kle  of  potaab  is  decomposed  by  ftn  acid,  the  Balioylio 

■p  1  rq.  of  basio  water,   and  separates  as  Cit  Ht  0«, 

\%  II*  Oo,  U.     The  dcoompositions  of  tiiia  auid  nru  very 

fBttxattiag,  ooiiUtfutiiig  it  with  several  other  series  of  urgonic 


Wkes  it  ia  acted  on  by  nitrio  acid,  it  is  first  oonverted  into 
falfigvtic  a>~id,  or  nitruaolicylio  acid,  Cu  U«  N  0»,  H  0,  aloug 
wift  otlicT  produfta  ;  oiid  by  the  oontinucd  action  of  nitrio  acid, 
|1m(«  la  finally  produced  the  remarkable  bitter  acid,  uoUed 
■■tbajotie,  bitropicrio  or  nitrophetiisio  acid,  Cu  IIi  Ns  On,  H  0. 
Both  tkeM  acids  are  formed  from  indigo  by  the  action  of  nitrio 

Wbea  ulicylio  acid  is  distilled  with  caustic  bar}-ta,  it  yields 

carbooate  of  baryta,  and  a  heavy  oily  liquid,  which  is  the  acid 

kaowii  •*  carbolic  auid  (Ruiige),  and  hydrate  of  phinylv  (Laurent), 

aula  of  wiiich  i»  Cu  Il«  Oi  =  Cu  H«  0,  11  0,     The  pro- 

)  of  carbolic  acid  from  salicylic  ucid  ia  easily  understood; 

in  fact,  analogous  to  that  of  benzine  from  bunzoio  acid. 

Hi  O.,  H  0  +  2  Ba  0  =  2  (Bu  0,  C  0.)  +  C  H.  Oi.     As 

Tk-ith  barjta  is  so  violent  as  to  destroy  a  groat  part 

I.  it  ia  fuuud  better  to  hout  rapidly  salicylic  acil  mixed 

•!   glass,    when   it   is   resolved   into   Oitrbolio  and 

r  remarkable,  that  carbolic  acid,  which  is  one  of 

lituts  of  the  oil  of  coal-tar,  a  product,  therefore, 

.'     diatillation,    is    also    converted    by    the  action 

1   into  uitropiorio  acid.     This  would   indicate   that 

!    ucid  is  acted  on  by  nitric  acid,  it  yields,  first,  some 

utoining  tlie  same  radical  an  curbuiic  aud  liitrupiorio 

sid,  aud  that  tiiis  la  further  oxidised  into  the  lalt.T  noid.      Wu 

11    hervatter    see  that  the  probable  orijria   of  curholia   acid 

btruoU,  Cu   B«,  from  which,  by  substitution  and  oiidation, 

r<arbuUc,    aad    nitropicric    acids,    and  a   whole    scries   of   oom- 

paaada,  may  bo  formed.     Benzole  is  itself  the  hyduret  of  tlio 

^— nutical  phroylo,  L'i«  lU.     The  hydrated  oxide  of  this  is  carbiilio 

^Baoii.     Nitriipicric,  or  nitriiphcnisio  acid  is  oorboliouvid,  in  whioh 

^HSet{a.  of  ti-  ' nrt)  ri-pluo»d  by  3  N  0«. 

^H     Oa  till  'tn  its  relation  to  hydurct  of  salicyle  and  to 

^F mUcIIM  ^t:-iMii  Hindi  it  mny  also  be  funned  by  the  action  of 
H^  aaaaiie  puta*h),  from  its  aimloify  in  fomiutiun,  constitntioii,  and 
yiaputiai  to  benzoic  acid,  from  its  occurrence  in  nature  in 
Uh  Si«l  aumpoand  of  msthylv  nitl  artiticiitlly  produci-d,  and 
bam  ila  ivady  aonvvrtiliility  into  indigotio  acid,  carliolic  ncid 
•ad  BitrD|iterio  a«id,  salicylic  acid  is  a  compotuid  uf  very  great 


I 
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The  salts  of  salicyHo  acid  have  the  general  formola  Cm  TIi  0>, 
M  0,  or  Ci»  II»  Oo,  M.  The  salicvkte  of  oiide  of  mcthyle,  C* 
H«  0  +  Ci*  H»  0»,  oocnra  in  tiie  essential  oil  of  OauJlkfria  prv- 
cumbfin,  find  is  much  used  ia  perfumery.  It  gives  rise  to  • 
niunlier  of  renmrkuble  products,  when  Buhjected  to  the  netionof 
nitric  acid,  chlorine,  bromine,  alkalies,  &o. ;  but  ah  tliese  things 
will  be  treated  of  in  their  proper  plooe*. 


3.  ChloiosalicfliF  AoJd.    Cu  H>  |  q  ,  or  Ci>  Hi  Ot,  CL 


d 


"When  dry  chlorine  ia  made  to  act  on  dry  hydaret  of  Mlieyle 
this  compound  is  formed,  along  with  hydrochloric  acid;  it  orji- 
talliacs  readily,  and  may  be  sublimed  unchanged.  Its  formatioo 
is  entirely  analogous  to  that  of  chloride  of  beuzoyle,  and  it 
might  be  viewed  as  chloride  of  salieyle,  Cm  H«  0»,  C'l  ^  8a  CL 
But  its  proiH-rlies  are  those  of  an  acid,  and  hence  we  are  com- 
pelled to  consider  it  as  salicylic  acid,  Ci«  Hn  Oa,  in  which  I  (<q. 
oxygen  has  been  replaced  by  1  cq.  chlorine,  the  type  remaining 
unchanged.     Hence,  after  this  subsUtution,  it  is  still  an  acid,  and 

its  true  formula  is  Ci«  Ht  )  rn,  ui  acid  of  the  type  of  onhydrons 

salicylic  ncid. 

With  nuituonia  it  forms  a  new  compound,  chlorotalie^/UmUt, 
As  in  the  action  of  ammonia  on  hydupct  of  talicyle,  so  in  this 
ease,  2  eqa.  ammonia  act  on  3  of  the  ncid,  and  n  of  water  are 
separated.  The  formida  of  chlorosalicylimide,  which  is  *  rellow, 
iuKoluble  solid,  is  r«  Hi.  N.  CIs  0.;  for  3  (Ci.  H.  CIO.) + 
2  N  II.  =  6  It  0  +  Co  His  Cl>  N.  Oo.  It  is,  in  fact,  salioyli- 
ntide  in  whieh  3  eqa.  chlorine  have  been  substituted  fur  3  cqs. 
hydrogen. 

With  bromine  and  iodine,  hyduret  of  salieyle  yields  the  two 
analogous  compounds,  bromosalioylic  acid,  and  iodos&licylio  aoid  ; 

CuH.  |JJ*  oadCuH.  1^*. 

4.  NitrMaIi<7lic  Aoid.    Ci.  H»  KOto=Ci>II.  NOi,  BO. 

8t».  Anilic  aeiil,  Indigotie  acid. — This  acid  is  formed  by  the 
action  of  nitric  acid  on  bydiiret  of  salieyle,  or  still  better,  on 
■alicyllo  ncid.  It  forms  yellow  pritims,  and  with  bateit,  yipld* 
jrellow  dfUiuttting  nulls.  Ammonia  colours  it  blood-red,  and  per- 
ehloridv  of  irv>n  ohcrry-rcd.  It  is,  oooording  to  the  above  fonnolo, 
dcrinnl  from  tho  aiinlyais  uf  I'iria,  salicUio  acid,  in  which  1  eq. 
bitrtms  (liyponilrio)  acid  is  »ubstitut4-d  fur  I  «].  hydrogen.  But 
I  •hametvra,  aud  t  bunv  of  ita  wits,  ore  such  as  to  oonviaM  M 
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Qtt  it  Ii  Uentieal  with  indigotio,  or  anilio  acid :  under  which 
I  Wo  Bhall  have  again  to  treat  of  it. 


ATTETfinX  TO  BAtlCTtE. 

fi.  SaBei&e.     Cm  Hi>  Ou  =  On  Hio  0>«  ••■  Ci<  H>0>. 

1  TUBOOnponiid  occurs  in  the  bark  of  aU  sach  wUlows  as  are 
r,  •orh  as  Saliz  helix,  S.  amygdalina,  &c.  It  \&  extracted  by 
with  wat«T,  decolorising  the  decoction  with  litharge, 
:  the  lead  dissolved  by  sulphuric  acid  and  sulphuret  of 
barium,  and  evaporating  to  a  syrup.  The  salicine  crystallises  on 
■tesiUsg,  in  fine  scales  of  a  ailky  lustre,  which  hare  a.  rcry  pure, 
biUat  last*,  and  are  highly  febrifuge.  It  is  neutral,  soluble  in 
wittar  and  alcnhol,  insoluble  in  ether.  Oil  nf  vitriol  colours  it 
blood-rvd.  Distilled  with  bichromate  of  potash  and  sulphurio 
aad,  it  yields  formic  and  carbonic  acids,  hyduret  of  salioyle,  and 
•  ntiaocu  matter. 

6.  Saligeoiae.     Ci«HiO,. 

Til*  i««etit  researches  of  Piria  have  very  greatly  extended  our 
kaowladg*  of  salicine.  The  formula  above  given  for  salicine  is 
dadMtd  from  his  analyses,  and  he  has  shown  that  by  contact  with 
■jfwiptaaa,  aalicine  is  deoomposed,  being  resolved  into  lugar, 
Cu  Hm  Ota  (which  takes  up  4  eqs.  of  water  and  appears  aa 
graf*  mgmr,  da  Hm  Ou,)  and  a  new  body,  tuliyenine,  Cit  Hs 
Ot.  Whta  the  metamorphosis  is  complete,  which,  with  200 
|Hrta  of  wst«r,  and  3  parts  of  tynaptase  fur  60  of  salicine,  and  a 
taoipmlim  of  160°,  takes  pluce  in  24  hours,  most  of  the  soli- 
KtStlM  MpwatPi  in  crybtaU,  being  very  sparingly  soluble  in  oold 
,  and  the  r«st  is  obtained  by  agitating  the  solution  with 
wliich  dissolves  the  laligenine.  The  aqueous  liquid  is 
nd  Ui  contain  only  grape  sugar,  and  the  residue  of  the 


m«1ta  at  IftO°,  and  forms  on  cooling  a  crystalline 
It  appears  to  form  a  combination  with  potash,  but  when 
it  i>  hcotMl  with  that  alkali,  hydrogen  is  disengaged  and  solieylio 
•bU  b  formwl.  Several  oxidising  agents  convert  saligenine  into 
hy4«l«t  of  saliryle,  from  which  it  dill'er*  only  by  containing 
2  iMja.  oC  hydmgi-n  more.  Aqueous  sohitions  of  perohloride  of 
aim  aad  of  aalta  of  peroxide  of  iron  strike  an  indigo  blue  with 
■aUgnuQc ;  but  this  oolour  is  not  formed  when  alcoholic  or 
•ItMfeal  aolutiona  mxv  naud.  The  blue  compound  has  not  l>oen 
mganXed.  When  haatcd  to  a  oortain  point,  or  boiled  with  acid*, 
it  oOBTWtod  into  talirttin*,  a  body  which  is    alaq 
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obtained  when  solicine  i*  boiled  with  dilate  aolds,  and  wkidi  it  j 
no  doubt  in  this  latter  case  derived  from  the  saligenine  ooati 
in  the  snlioino,     Saliretine  will  be  described  presently. 

As  it  appears  certain  from  the  experiment*  of  Piria  that  aalioiu 
is  comiKisud  of  soligeniue  and  sugar,  the  products  of  variovi 
reactions  on  salioino  will  be  generally  those  on  a  mixture  of 
saligeniue  and  sugar.  It  will  therefore  bo  better  to  describe  io 
connection  the  substauoes  produced  from  saligeniuo,  and  thase 
formed  from  salioine. 

By  the  action  of  chlorine  on  salioine,  there  are  formed  tiiiM 
compounds  analogous  to  salicine,  in  which  1,  2,  and  3  cqs.  of 
hydrogen  ore  replaced  by  chlorine. 

These  are : — 

ChloTosalieine  .  <  .  .  On  q"  |0i«  +  « aq. 
Dicblonaalicias  .  .  .  .  Cm  ^*  |  Oit  -{-  S  aq. 
Trichlorosalicino    .         .         .         .      Cm  „."  I  Oi  •  +  S  aii. 

These  compounds  are  all  crystallised,  and  all  of  them,  like  i 
cine,  are  decomposed  by  fermentation,  in  oontaot  with  syn^itue, 
into  sugar  and  a  body  derived  from  saiigeoine. 
Thus  we  have : — 

CUoromliinne  ^  Siigor  -f  Chloranlij^iae^ 
Ot.  ^"J0i.  =  Ci.  H.nO.o  +  C.  ^'  jo.; 
I)iclilonwalieiiU!  =  SHear  +  DiahtorDMUseatii^, 
Om  ^•}0i.=  CitH.o0io  +  0i4^  }o.; 

and 
TrirlJoroaiUiQne  =  Sugar  +  TrickloroaitligeniDek 

Cm   ^*}Oii  =  C.iH.oOkv  +  C.  ^  }o.. 

Chlnrosaligenine  forms  yery  fine  crystals,  and  is  aingularly 
like  saligeniue  in  its  outward  characters.  It  colours  oil  of  vitrioi, 
however,  green,  whereas  saligeninc  colours  it  red,  as  does  altO 
salicine.  Tlio  two  other  compounds  are  obtained  with  mndl 
greater  ditliculty  by  the  action  of  synaptase  on  Dichlorosalioilia 
and  I'richlorosiilicinc,  owing  to  the  very  sparing  solubility  of  thcM 
compounds.     But  their  existence  has  been  established. 

7.  SiiUrctioe. 

Wlion  laligenino  is  boilrd  with  diluted  aeid,  or  heatfd  beytmd 
its  mulling  puint,  it  in  elinitged  into  a  re*.iuuus  tubstanoe,  whioh 
differs  from  saitgcmoa  only  by  'i  eq»,  water.     It*  empuieal  for- 
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I  C>*  Hi  Of ,  and  therefore  it  is  isomerio  or  polymeric  witli 
;  of  benzoyle. 

»rs    that    Chlorosuligcnino,    Dichlorosaligenine,    and 

Ij^'ninc  also  yield  resina  when  boiled  with  neids,  and 

icaios  are  in  all  probability  derived  from  saliretine,  and 

■poMd  of  C.4  ci'  I  0' '  ^"  cu  I O'  >  f '•  n'  I  f*'  •   If  «>.  ti^ey 

«iD  ha  Banted  Chlorosalirotinc,  Diohlorosollretine,  and  Triohloro- 
itlinitine. 


8.  ntlidna.    C»i  H.n  Oi.  =  Ci«  Hio  O.o  +  Ci.  ITn  0.. 

Ifriiis  eompoond  is  formed  when  salioine  is  acted  on  by  diluted 
•ad.     When  pare  it  forms  small  white  needles,   which 
is,  is  addition  to  tnioe  the  above  formula,  3  eqs.  of  water  of 
aon.     Uelioine  contains  the  elemcntc  of    sugar  and 
ft  of  Bolioyle,   and   is   actually   resnlvcd    into    them    by 
apiasn,  and  in  otti«r  ways.     It  is  no  doubt  formed  by  tho 
on  of  the  saligvnine  producing  hyduret  of  salicyle,  which 
1  uniU'i  wiUi  the  sugar  to  form  helicine. 
Bilieiat,  when  heated  to  347°,  ia  converted  into  an  insoluble 


When  the  oxidation  of  snlicinc  is  carried  further,  the  sugar  is 
itwiiiijul.  and  yields  furmiu  and  carbonic  acids ;  but  when  the 
oxidalion  is  insuflicicnt  to  form  helicine,  there  is  produced  a  body, 
_Arfc"p*ii<i'#«',  the  empirical  formula  of  which  is  Cm  U«»  0»  + 
[  O ;  =  2  «><i».  sugar,  C—  llto  0«  ;  1  eq.  hyduret  of  salicyle, 
I  lit  0« ;  and  1  efj.  soligenine,  Cit  Ht  0« . 

action    of   chlorine,    helicine    yields    ohlorohclicine 

which    ia    formed    of   sugar  and    chloride    of 


IIio  Oio  +  Cl 
mnd. 


Cl 


of   sugar  and 
With  bromine  it  yields  a 


'imtilinc  b  tlic  name  given  to  the  red  compound  formed  by  tho 
•ctiim  of  utl  of  vitriol  on  salioine.  When  pure  it  is  of  a  deep 
itddtsii-bRiwn  colour :  toida  ohoogo  it  to  a  bright  red,  alkalies  to 
a  dcap  riulvt. 

9.  IMtlnidxine.     Cm  Sa  Ou  =  Cu  Hn  On  +  8  H  0  t 

Tfck  k  a  tubatanoe,  rery  analogous  to  salioine,  which  ooonrs 

tiia  liark  of  the  root*  of  the  apple,  penr,  plum,  &o.     It  is 

in  Iha  aasia  way  as  salioine,   and  nuX'nibles  it  much  ; 

stnnll  wnleii,  soluble  in  hot  water,  and  in  almhol,  very 

■aU    |>owerfully    febrifuge.     When    boiled   with    dilut* 

reainoua   ooispouiid,   phloretinty 

n  1 


rnlplmrl'    acid,    it   yield*   a 
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nnalogouB  to  saliretine,  olonj  with  grape  suj^nr.  Phloroline 
C»  Uis  Oio=  CjoHitOo,  HO?  aad  C.«  Hu  Oio  +  Cii  Hi. 
Oi«  =  C-tt  H«e  Om.  According  to  Stas,  howerer,  phloretine  in 
CoIIsOi,  or  double  or  quadruple  of  this.  The  compound  o{ 
phloretine  with  oxide  of  lead  he  found  to  be  Cn  H»  Os ,  2  Pb  0 ; 
which  would  imlicate,  for  hydrated  phloretine,  Cit  niOj2  HO  = 
CnHaO*,  H0  =  c.  n»o.? 

Bjr  the  action  of  nitrio  aoid  on  phloridzine,  tliere  is  formed  t 
pnoe-coloured  acid,  nitrophlorctioocid,  which,  according  to  Firia, 
ia  C»o  Hii  N  On  ;  according  to  Stas,  Cj»  Hio  N  On. 

Pkloridzeine.  C«i  Hw  N«  Om  ?  Wlien  moist  phloridzine  ii 
exposed  to  air  and  ammonia,  it  is  transformed  into  a  deep  red 
compound,  which  dissolves  in  ammonia,  and  may  be  precipitated 
by  acids.  It  ia  equal  to  phloridzine,  plut  8  eqs.  oxygen,  and 
2  eqs.  ammonia.  When  dissolved  in  ammonia,  and  dried  in 
vacuo,  it  leaves  a  purple  mass,  with  coppery  lustre,  which  oom- 
municutes  to  water  a  splendid  blue  colour.  This  is  a  oompoond 
of  phloridz^ine  and  1  eq.  ammonia.  The  formation  of  this  blur 
pigment  is  a  very  good  example  of  that  kind  of  eremaoausit  with 
the  aid  of  ammonia,  by  which  indigo,  litmos,  orchil,  &e.,  an 
produced  from  colourless  bodies. 

When  salieine  was  supposed  to  ba  Ca  Hm  Oh,  pUloridxise 
appeared  to  dilf<-r  from  it  by  only  2  eqs.  oxygen  ;  but  at  that 
formula  for  salieine,  according  to  Piria,  is  erroneous,  it  it 
most  probable  that  the  formula  of  phloridzine  will  requir« 
be  changed.  It  ia  therefore  marked  ai  doubtful  along  with 
derivatives. 


APPSITOTX  TO  SALICTIE  AXD  SAUCTUC  ACID. 
Anisyle  and  Aaisic  Acid. 
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The  stearoptene  of  oil  of  anise,  as  well  as  the  oil  of  estragoo. 
yields,  when  oxidised  by  nitric  aoid,  a  crystalline  acid,  in  some 
respects  analogous  to  cinnamic  acid.  This  is  anisic  acid,  Cit  H« 
0»  =  Ci«  Ht  0»  ,  H  0.  Like  benzoio  and  cinnamio  acid,  it  i* 
aapposed  to  be  derived  from  an  oil  analogous  to  the  hydorrt 
of  b«nsoyle.  This  would  be  hydurct  of  auisyle,  Cto  Us  0*  := 
CwITr04,n. 

Anisic  acid,  when  heated  with  bases,  yields  an  oil,  anuoU, 
Hii  Ot ,  the  aoid  having  lost  2  eqs.  of  csrlionio  aoid.  The  acid  ittell 
is  homoliignus  with  salicylic  acid,  just  as  ouiaole  is  with  phenole  at  I 
oarbfilio  acid,  the  diflVrenoe  being  Ci  Ht. 

The  hydurt-t  of  aninylc  is  not  known  in  the  separate  form,  and 
iht  oil  of  anise  or  eatragon  is  believed  to  be  Ck>  His  Os,  whioh  'ui] 
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the  formula  of  oil  of  cmnamon,  and  of  oil  of  oamine.     But 

«ril«  are  evidently  not    identical,    but    only   isomeric    or 

\jm0ric,  KiDoa  the  action  of  nitric  acid  in  each  case  yields  a 

Tirrvnt  result.     It  is  probable  that  anisic   acid  belongs  to  a 

lulogou*  series,  differing  from  the  benzoic  m  well  as  from  the 

id    yields,  when  acted  on    by  a  mixture  of  nitric 
urio  acids,  two  substitution  jiroducts,  nitraiiisio  acid, 

T~^.  J  0»,  and  dinitronisio  acid,  Cio  o  'jj  O.  i  '^°"  ^^^ 
mhstitution  products  hare  been  obtained  by  Cahours,  both  from 
Um  arid,  and  from  anisole.  The  latter  body,  auisole,  Ci*  Hk  Oi  is 
hMMfe^oas  with  pbcnole  or  hydrated  oxide  of  jihenyle  (carbolic 
aeid).  From  it  are  obtained  ohloranisolc,  bromuuisolv,  and  three 
Bitn>-oonipounds,  nitranisole,    diaiti'anisolc,    and    trinitronisole. 

Ci«v''q     {   0»>  when   acted  on   by  sulphuret   of 

yields  the  base,  anisidine,  Cu  Hu  N  Ot  ;  and  dini- 
'V  yiplds  the  base  nitrauisidine,  Cu  H»  N»  0«,  in  whioh 
1  M{.  I  <>);en  of  anisidine  is  replaced  by  1  oq.  of  nitrous 

uioiiner,  triuitranisolo  yields  the  base  diuitrani- 
in  which  2  nji.  of  hydrogen  are  replaced  by  nitrous  acid, 
Wluta  BitraiuMdine  is  acted  on  by  chloride  of  bonzoyle  and 
ohlorid*  of  otnnamyle,  two  new  buses  are  formed,  nitrubenza- 
biaUine,  Cm  Ut>  Ni  Ot,  and  nitroaumuiiiMdint>,  Cu  IIi«  N>  Oi. 
la  tlMae  two  rcmarkablo  products,  which  approaoli  closely  to 
batiinJ  bases,  benzoyle  nod  cinnamyle  have  been  substituted  for 
1  aq.  of  hydrogen  in  uitranisidine. 


IV.  OiintAitTUL    Oi.  Hi  Oi  =  Ci. 
I  Hi*  radioal  of  etsanoe  of  oiunamon,  but  unknown  in  a  separate 


BjAaret  of  Cjnuiamyle.     Ci  U  =  C.  H,  0,  =C„  H.  0, ,  H. 

[lU*  is  Ihr  piirifinl  eisonee,  or  oil  of  cinnamon.     The  oil  of 
'  1,  cinnamio  acid  and  two  rcAins,  all  of 
I   from  the  ori{;iiial  oil,  Ctu  iln  Ut ,  by 
Itiiticin  to  a  e(|»,  of  it,  of  6  eqs.  oxygeu.     3  (C»  Hu  Oi)-f- 
[  Cw  Hu  O.  (oiniinmic  soid)  -»-  dt  U»  0  (a  rosin) ;  +  C»6 
(onothrr  resin)  -»-  6  UO.     With  less  oxygen,  hyduret  of 
lylu,  Ci«  Hi<  Oi ,  la  formed,  along  with  the  resins,  so  tliat 
of  c<iruinitni«  oontttius,  b««idea  the  original  oil,   all  tb« 
and*  aliuvo  mentioned, 
7h«  bydurot  of  dunamylc,  Ci  U,  is  a  fraffrant  oil.    V\,  toTtok, 


CINKAinC  ACID. 


Bttrio  acid,  a  oijirtalliae  oomponnd,  Ci  II  -f  ^  0» ,  whieb, 

I  Mixol  with  water,  is  reaolred  into  its  oonstituentc,  hjrdiirtt 

irle  and  nitrio  acid.     Wlien  the  hyduret  ia  exposed  to 

'lite  air,  it  absorfaa  oxyigeii,  producing  tinnnniio  acid,  Ci  0,  H0= 

Cu  Hf  0,,H0. 

The  fresh  oil  of  cuuiainon  is,  as  has  been  stated,  On  Hii  Oi. 

i  <  aii^  «x7i>e»  from  the  air,  it  yields  hyduret  of  cinnamrle 

tka  two  icsiBs :  with  2  eqs.  more,  the  hyduret  passea  into 

VTith  oil  of  vitriol,  3  eqs.  of  tiie  fresh  oil  :=  Go 

>  Oa,  loaeS  cqsw  water,  and  form  two  resins,  one  =  Cx  Ilti  0 ; 

I  vAet  ^  Cao  Ui9  Oi .     With  hydrochloric  acid,  it  yields  an  oH 

aB«,  CW  H>  0 :  the  other  Cu  H«  O. 


S.  Oaaaaie  Aod.    Cu  H,  0,  +  H  0  =  G  0,  H  a 

FocMsd  bj  txfoamg  ofl  of  eisnomon  to  the  air.     It  is 

obteiasd  I^  diiaolTing  the  oil  of  Balaam  of  Peru  in  an 
ib>  aolofttoa  of  pafaiih,  eraporatiag  to  dryness,  diatolv 
ui  hm  valar,  uaA  Miag  to  the  solution  of  cinnamate  of 
•a  nccw  ct  hjrdroeUara  Mid.  It  crystallises  vury  readily,  i 
OMif  ha  awtiMwiwi.  Bv  llie  aetion  of  nitric  aoid,  ciimajnic  acid 
k  imtiaUi!  iata  hyvarK  of  benxoyle,  and  into  an  add  Toy 
mmSbt  to  fciaiirfie  aKsd,  if  not  identical  with  it  When  ds- 
bmkI*  mU  k  addad  to  cold  nitric  acid,  it  forms  an  aoid,  C» 
HiK0^=CksH«O«—  H-t-KO«;  that  is,  cinuamio  acid, 
ia  wkMi  1  c^.  af  nilMMs  Mid  is  anbstititted  for  1  of  hydrogea ; 

Cu  I  X0>^'  ^^  ^^^  ^  nOrtemnmmie  acid.  Its  salts  de- 
toaato  «kaa  hcatsd.  AVitJb  oxide  of  ethyle,  it  forms  a  erystal- 
liaabla  aUwr,  A«  O,  Ct«  II<  N  Or .  When  oil  of  cinnamon  ia 
mtsad  wilb  (Vuaittg  sulphuric  acid,  thcru  is  formed,  according  to 
Vmttf,  a  a«W  and,  aulphooinaamio  acid,  the  formula  of  which 
b  Cu  H«  0|,  9  SOi  +  :>  11  0  =  Cu  U>  Oio  S..  It  is  bibasio, 
and  abnosl  all  iu  salu  ara  soluble. 

Vhtn  oQ  of  daiiasion  is  acU<d  on  by  nitric  arid  with  the 

of  tnat,  it  yields  benaoio  and  nitrobenzoic  acids.     Ity  the 

I  «f  1l^^'^T*t^T^  oil  of  cinnamon  is  cx>nTerted  into  several  new 

pwdaeto,  oa«   of    which  b   chlorocinnott,    Ci«    )  pi*  Oi .       It  is 

hydurot  of  cinnamyle  in  which  4  eqs.  of  chlorine  are  substituted 

for  4  9^  of  hydrogao. 
Satmm  ^f  /Wn  ooatains  eompounds  oonaeoted  with  cinna- 
rl«.     Tl>e  priocitul  is  an  oil,  einnamtint,  which,  when  bulled 
alkalies,   yicldi  cinuaoiia   acid  and  a   neutral  oily   bodj^ 
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y<«ff«Mnini»  luu   boen   atcurtaincd  by  Soharling  to  have  Uie 

Cm  Hu  0«  ,  and  to  cuntuin  cuinaiuic  acid,  Ci»  Hr  Ot , 

to  a  new  ether,  Cu  linO.     Whc-n  boiled  with  potash, 

jields  on  the  oae  hand  cinnomate  of  potosli,  and  on 

other  peruvLnc,  Cis  Ilm  0> ,  the  latter  oomi>ouud  being  the 

~  oon««ponding  to  the  new  ether,  and  formed  from  it  hj  the 

I  of  1  eq.  of  water. 

antole,  Ci»  H>,  a  liquid  bearing  the  same  relation  to 
ic  avid  that  benzole  does  to  benzoic  acid,  is  formed  when 
lio  acid  is  distilled  with  baryta.  It  is,  like  benzole,  formed 
of  earlMD  and  hydrogen  in -the  proportion  of  t«-o  eqs,  of  the  former 
ta  MM  «(  the  latter ;  but  its  density  and  boiling-point  prove 
tbat  its  formula  is  Cu  Hs.     The  following  equation  shows  its 

Cu  H.  0.+  2  Bs 0  =  2  (Bs  0,  C  0<)-»-  Om  H« 


Ctauuunlc  fteld.  Ciimuinulo. 


^^^^QmiaiBoU  is  isomerio,  or  perhaps  identical  with  styrolo,  an  oil 
^B«btaiaad  by  distillatiou  from  storax,  to  be  afterwards  described. 
Dngan'a  Uood  also  yields  styrolu  by  distillation.  The  chief 
4ilhNO0e  between  oinnoinole  and  styrolc  is,  that  the  former  is 
iMt,  like  the  latter,  converted  by  a  heat  of  392°,  in  sealed  tubes, 
into  a  Kilid  eomponnd,  metastyrole,  the  formula  of  which  is  Cu 
Hr .  But  the  pretence  of  some  impurity  in  cinnaniole  may  prevent 
Qudtuagt. 

According  to  Riohter,  Balsam  of  Peru  contoius  two  distinct 
oQa,  myroxUlne,  insoluble  in  alcohol,  and  myriospermine,  soluble 
in  alouhol.  With  an  aloobolio  solution  of  potash,  myrios^Kruune 
jriaUa  an  acid  resembling  viunamio  acid,  but  ditt'urent  from  it, 


I 


BALSAM  OF  TOLU. 
Tolene;  Tolnule. 


Acoprding  to  Deville,  Balsam  of  Tolu  oontains  benioio  acid  and 
a  bod^  iaomerio  with  hyduret  of  benzoyle ;  also  cinnameine,  and 
a  bauid  oarbobydrugvu,  tukne,  the  formula  of  which  is  Cm  ilis  : 
bOMM  MVcral  resiusf  and  another  liquid  oorbohydrogen,  aua- 
Imiiiii  to,  and  V  M  with,  benzole,  the  name  given  to  which 

U  tofaoJ*^  and  :  CitUi.     It buila  at  2'2U%  and  its  Sp.  Q. 

ia  0^7  at  W  V.     W  ijiu  acted  on  by  nitric  acid,  it  }-ields  two  now 
ipoonds,  in  which  the  hydrogen  is  partly  replaced  by  nitrous 
TluJM  ar».  In/,  nitrotiiluoU,  Cu  lit  N0«,  which  is  liquid; 
'imd,  liiMitroUiluuU,  Cm  11*   Ni  Oa,  which  is  a  orystulline 
hy  Um  aolioa  of  eblorino  on  toluule,  Dovilie  lua   «1m 
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obtained  a  series  of  compounds  in  trhieh  the  hydrogen  U  replootd 
by  chlorino ;  these  compounds,  however,  chiefly  occur  in  oom- 
btnation  with  faydroohloric  acid,  Toluole  dissolves  in  funning 
sulphurio  acid,  and  forms  a  crystalline  mass  of  snlphotoluylic  acid, 
tlic  composition  of  which,  according  to  Deville,  is  Cu  HtS»  0>; 
that  is,  1  eq.  of  hydrogen  seems  to  be  replaced  by  1  eq.  hypo- 
sulphurio  acid.  It  is  analogous  to  the  sulphonaphthAlio  or 
hyposulphonapththalio  acid. 

Dy  the  tables  already  given  at  pp.  131  and  141,  it  will  be  seen 
that  toluole  is  not  only  homologous  with  benzole,  but  also  yirldi 
a  whole  scries  of  derivatives,  two  of  which  are  mentioned  in  tfa« 
preceding  paragraphs,  homologous  with  those  of  benzole.  Another 
point  of  analogy  is,  that  both  benzole  and  toluole  occur  in  the  oil 
of  tar.  Tolui/lic  acid,  Cm  Hs  O*,  which  corresponds  to  bentoie 
acid,  is  not  known  as  a  natural  product,  but  has  been  obtained  by 
the  oxidation  of  cyuiole,  C«o  Hit,  the  highest  known  number  of 
the  benzole  series.  It  is  very  analogous  to  benzoic  acid,  and,  like 
it,  is  a  hydrate,  its  true  formula  being  Ci«  Ht  Os,  HO. 

Besides  nitrotoluole  and  dinitrotoluole,  the  table  also  contains 
the  base,  toluidine,  homologous  with  aniline,  which  is  formed  by 
the  action  of  hydrosulphurct  of  ammonia  on  uitrotoluole,  just  as 
aniline  is  from  nitrobcnzole,  as  will  be  explained  in  the  scctioa 
on  artilicial  bases.  Toluidine,  like  aniline,  admits  of  the  partial 
replacement  of  its  hydrogen  by  chlorine,  bromine,  or  nitrous  acid, 
thus  giving  rise  to  new  bosea,  the  formula)  of  which  are  giren  ia' 
the  table  already  referred  to. 

rVL  QcAUcii,!.    C,4  H,  0.  t 

Hjrdaret  of  Ouauwyle.    Ci4  H»  0.=  C.  Ht  0«  +H  » 

When  the  resin,  or  gum-resin,  called  Ouaiacum,  is  distilled, 
there  is  obtained,  among  other  products,  a  colourless  oily  liquid,  ■ 
which  has  acid  properties.     According  t»  Deville,  it  is  annlogonsfl 
to  the  hyduret  of  salicyle,  which  is  also  an  ocid,  and  is  snmetimca 
called  salicylous  acid.     Indeed,  Sobrero,  who  first  obtained  the 
acid  from  Ouaiacum,  called  it  pyroguaiacic  acid.     If  viewed  as  s  , 
hydrogen  acid,  it  will  be  the  hyduret  of  guaiacyle,  Ci»  Hi  O4  -J-  H,  | 
and  this  agrees  with  the  formula  deduced  ■  from  analj-sis  Cu  H» 
0«,   which   is   that  of  saligeniuc.      The   acid  corresponding  to] 
salicylic  acid  has  not  been  formed,  but  will  probably  hereafter] 
be  obtained.     lU  formula  will  be  Ci»  Hs  0<>=  Cu  H?  0»,  H  0. ; 
Hut  Tliiciry  has  obtained  another  acid,  which  he  calls  guaia(jitf| 
acid,   the   formula  of  which   is  Ct«  H»  0«  =  Ci»  Ht  0»,  H  0.  j 
Deville  has   also   described   another  oil,  which  is  iieulral,    and] 
teems  to  bo  deiived  from  the  lost  acid,  as  benzole  from  boiuroifl 
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3,  Ha  formula  is  (ho  IT«  0*  ;  and  it  i*  derired  from  the  acid 
III  Ht  On  by  the  septtratinn  of  2  e«js.  carbunic  acid ;  for  Cn  Hs 
2  C  Oi  =  Cio  U«   Oi .      TkU  ueatral  oil  has  been  called 
tae, 

tlic  preceding  pages  we  have  considered  a  large  number  of 
oomponnd  radicals,  constituting  cliiefly  the  group  of  rodioala 
■nalogoos  in  their  relations  to  chlorine ;  namelr,  cyanogen ; 
ferrooyanogeo  and  its  numerous  congeners ;  sulphocyanogen ; 
and  mrllone.  We  have  only  described  one  radical,  amide,  which 
has  a  tendency  to  produce  ba«{c  compounds,  such  as  ammonia, 
amanonium,  and  the  platinised  hattt ;  and  one  carbonic  oxide  or 
oxuhfk,  the  chief  tendency  of  which  is  to  form  acid  compounds, 
ueh  OS  oialic,  carbonic,  rhodizonic,  croconic,  and  meUilic  acids. 
finally,  we  hare  studied  three ;  namely,  bemoi/le,  salieyle  and 
mt/lr,  whose  ohornct^ristio  is  to  form  essences  or  fragrant 
Compounds,  with  hydrogen,  acids  with  oiygen,  and 
ulior  compounds  with  chlorine,  iodine,  &o.  This  last  group 
aid  appear  to  have  a  stiimg  tendency  to  form  acid  compounds : 
not  onl)'  is  an  acid  formed  by  the  anion  of  solicyle  and 
1,  but  the  hyduret  of  salicyle  is  a  decided  acid,  and  may 
presented  as  solicylous  acid,  Ci«  Hs  Os ,  H  0,  isomciio  with 
lio  acid,  instead  of  hyduret  of  salicyle,  Cu  Hs  0«,  H, 
further,  the  chloride,  bromide,  and  iodide  of  solioylu,  although 
cy  contain  salicyle,  plut  those  elements,  are  all  strong  acids, 
tid  apjK'ar  to  be,  in  fact,  anhydrotu  lalicylie  acid  with  1  eq,  of 
eiilorine,  &«.,  substituted  for  1  eq.  of  oxygen.  It  is  eyident  that 
lib  group  of  radicals,  so  well  characterised  by  their  hydrogen 
apoondi,  does  not  eorresirand  exactly  to  any  simple  radical, 
haa  characters  common  to  different  groups  of  elementary 
idicals,  being,  however,  analogous  in  more  i>ointa  to  carbon, 
Jphur,  and  phosphorus  than  to  any  other  elements.  In 
adying  the  dc-oomiKisition  of  the  compounds  of  sulioylo,  wo 
ava  met  with  the  very  remarkable  fact  of  the  production  from 
^radical  of  a  series  of  compounds  :  nnmely,  anilio  acid, 
lirrir  acid,  carbolic  acid,  &o.,  probably  derivatives  of  a 
'  radical,  phenylc  ;  which  radical  is  also  met  with 
liier  dccomixiftitions,  and  especially  in  the  dccom- 
I  of  indigo  by  utlrio  acid,  by  alkalies,  and  by  heat,  and  in 
ilructive  distillation  of  e«al.  This  is  an  im[)ortant  con- 
jon,  as  every  day's  ei[)eriencc  tends  to  identify  with  each 
the  producta  of  dccompoMtion  of  different  and  apparently 
I  nncunnected  organic  compounds,  even  in  coses  where  those 
eta  have  been  described  as  different.  Another  very  impor- 
fact  which  has  come  under  our  notice  is  the  occurrence  of 
t'Uto  of  oxide  of  molhyU  as  the  chief  ingredient  in  the  oil 
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of  Oaultheria.  Not  onlj  is  the  occiUTenoe  of  salicylio  acid 
interesting,  since  thin  acid  was  only  known  before  aa  au  arti£ci«l 
product,  but  tiie  existence,  in  this  oil,  of  oxide  of  methfk, 
hitherto  only  known  as  the  product  of  destructive  distillatioo, 
goes  far  to  ronlirm  the  theory  which  admits  this  radical  methyle, 
and  otliers  similar  to  it.  All  the  properties  of  the  oil  of 
Gaultheria  entirely  agree  with  the  doctrine  of  its  oontAining  tiro 
radicals,  mcthyle  and  solicyle ;  the  former  oxidised,  as  a  haae : 
the  latter,  also  oxidised,  as  an  acid.  It  is  remarkable,  Lowerw, 
that  even  tliis  compound  plays  the  port  of  an  acid,  and  fgnn* 
crystalline  salts  with  the  alkalies  into  which  it  enters  unchanged. 
This  is  so  well  marked  a  character  that  the  oil  has  been  called 
gaultherio  acid,  and  the  salts  gaultherates. 

We  have  also,  in  the  course  of  the  preceding  pages,  beoone 
acquainted  with  one  remarkable  series  of  homologous  grua{iB, 
namely,  the  benzoic  series.  We  have  seen  that  two  acidd  at« 
known,  toluylio  and  cuminic  acids,  homologous  with  benzoic 
acid,  and  of  the  general  formula  Ca  H«  —  *  0« ;  these  acids  arc 
perfectly  analogous  in  properties.  Of  the  neutral  carbohydro- 
gens,  derived  from  these  acids  by  the  separation  of  2  eijs.  of 
carbonic  acid,  and  the  formula  for  which  i:i  Ca  H*  —  o ,  we  know 
not  only  benzoic,  toluole,  and  oumole,  but  two  more,  the  acida 
of  which  ore  not  yet  known,  namely  xylole  and  crmole.  All 
five  ore  found  in  tar,  and  they  all  peld  analogous  substitution 
Xiroducts,  including  buses  of  a  very  remarkable  kind,  of  which 
aniline  is  the  type,  and  which  also  yield  other  basic  products  of 
substitution. 

It  is  highly  probable  that  both  oinnamio  and  anisic  acids 
belong  each  to  a  diiTcrent  series,  of  which  few  other  members  are 
as  yet  known.  Indeed,  anisic  acid,  Ci»  Ha  Oo,  is  homologous 
with  salicylic  acid,  Ci«  Us  On.  Benzoic  acid  and  its  homologUM 
yield,  by  the  loss  of  2  eqs.  of  carbonic  acid,  (C«  O*,)  corbohydro- 
gens,  because  these  acids  contain  only  4  et^s.  of  oxygen.  The 
aame  is  true  of  cinuawic  acid,  and  of  its  homologues,  should  any 
be  disoovered.  But  anisic  and  salicylic  acids,  containing  6  eqs. 
of  oxygen,  necesiiarily  yield,  on  the  removal  of  Ci  Ot ,  not  carbo- 
hydrogens,  but  oils  ountoiuing  2  eqs.  of  oxygen,  namely,  auisole, 
Cu  Ha  Oi ,  and  pheoole  or  carbolic  acid  (perhaps  better,  solicole) 
C'li  E«  0>;  in  which,  as  in  benzole,  toluole,  xylolv,  cumolc, 
cymole,  and  cinnamolu  (styrole),  the  carbon  is  to  the  hydrogen  as 
2tol. 

But  although  in  one  point  of  view  anisole  is  homologous  with 
pheuole,  yet,  according  to  Cahours,  it  is  not  a  true  homologue  of 
that  oomi>uuDd,  and  is  not  analogous  to  it  in  properties,  Cahours 
Las  discovered  two  other  oils,  phcnotole,  Cio  Hio  Ot ,  and  pheoa- 
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it,  Cu  His  O* ,  which  are  perfectly  homolofrons  with  anisole, 
thila  all  three  are  neutral,  whereas  pbenole  ia  an  aeid,  and  i» 
<alkd  earbolic  acid.  According  to  Cahours,  anisole  ia  the  carbo- 
late  of  oxide  of  methyle  ;  pbenetole,  the  carbolate  of  oxide  of 
etiiyle,  and  pheaamylole  the  carbolate  of  oxide  of  omj-le,  as  may 
be  »een  in  the  following  formulie : — 


^ 


CisHiO,  HO. 

Cii  n>o,  c>QjO. 
c.  H.0,  cnio. 

Ci.  H.O,  CU.O. 
C  HsO,  CU.O. 
Cn  H.  0,  Cio  Hii  O. 


Fheode^  or  Carbolic  Acid 
Ajuaole,  or  Fbenometale  Ci<  H>    Oi 
nrmatolo  Cio  UiU  Oi 

t        .         .         .       C»  Hi,  0> 

1  .  .  .        Cm>Bl.  Ol 

Pboanyloie  Cn  Um  Ut 

la  ftool  of  this  riow  it  may  b«  stated,  that  as  pbenulc  is 
formed  when  salicylio  acid,  Ci«  II«  Oi ,  is  heated  with  boacs,  so 
nnisole,  phenetole,  and  phenamylole  an  formed  when  the 
talicylstes  of  the  oxides  of  methyle,  ethyle,  and  amyle  are  reapeo- 
tiTcly  heated  with  bases.  It  would  appear,  therefore,  that  the 
three  latter  bodies,  anisole  and  its  homologues,  are  not  honiolo- 
with  phenole,  but  are  isomeric  with  its  homolof^es.  Since 
acid,  Cie  Es  Oa ,  is  homologous  with  salicylic  acid,  we 
expect  it  to  yield  a  body  strictly  homologous  to  i)henole, 
bat  on  the  oontr»ry  it  yields  anisole,  properly  phenometule  ;  the 
eame  body  as  i»  obtained  from  the  salicylate  of  oxide  of  methyle, 
by  heating  with  bases,  the  salicylate  of  methyle  being  Ljomeria 
vrith  anisic  acid.  'We  here  see  what  is  not  uncvotmon,  that  two 
isomeric  compounds,  when  exposed  to  the  same  cause  of  change, 
yield  products  which  are  not  isomerio  but  idcnticoL  The  follow- 
,g  (H^UAtioos  will  make  this  clear ; 

Cm  H>0<=Ci<  HtO,  B  0,  yields  3  0  Oiand 


Auiaic  AckL 

Ci.  H.O.=  Cii  HjO,  OiHiO 

Auliult^  or  CkrtKilats  of  Motbyla. 

Ci»HiOi>=Ci<  HiOt.OiHiO,  fields  2 OOt,  and 

'  B>llC}rUUufMcKli7le.         ' 

C.  HiO.=-Ci.  H»0,  CH»0 

\ _, ^ 

AuUoUi,  or  Cu-buUta  uf  Uclbjrle. 

I  prodnction  of  phenetole  and  phenamylole  is  quite  analo' 
to  tlie    last  of   these  equations,  ethyle  and  umyk   being 
nbsUtuted  for  metliyle.     Both  phenetole  and  phenamylole,  like 
fnrf""'*.  yield  aubslitution  products,  among  which  are  two  new 
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bases,  phenctidinc  and  phenamylidine,  homologous  with  anisidiBe. 
The  latter  has  not  been  descrilwil,  but  Cahour^  has  obtained,  from 
dinitroplienainylule  the  substitution  base  nitrophenomylidiae, 
honiologf>us  with  nitranisidine. 

Cahours  has  obtained  the  three  componnds,  anisole,  phenetole, 
and  phenamylolc,  by  the  action  of  corbolatc  of  potash  on  the 
iodides  of  mcthylv,  cthyle,  and  amyle,  which  leaves  no  doubt  u 
to  their  true  constitution.  They  are,  as  already  stated,  the  cajbo- 
latcs  of  the  oxides  of  methyle,  ethyle,  and  amyle,  as  represented 
in  the  first  colunui.  Were  the  three  lower  compounds  acids, 
truly  homologous  with  oarbolio  acid,  they  would  be  as  in  ths 
second  column. 

Carbolic  Acid  CuHiO,  HO    =Cii  B>    0,  HO 

Aniwle,  or  Fhenametole  C'i>  HtO,  Me  0  =  C<.  Ht    0.  H  0 
Pheoetole  Ci.  H.  0,  Ae  0  =  C  H.    O^  H  0 

PlwauujiyloU  Cu  H.  0,  Ajl  0  =  C^  H.i  0,  U  0 


« 


We  now    proceed  to  consider  that  group  of  eleotropositirsl 
radicals,  to  which  ethj'le  belongs,  and  which,  in  their  chemical  I 
characters,  are  quite  analogous  to  metals,  and  in  some  resiicets  to  j 
liydrogen,  which,  as  well  as  metals,  they  are  capable  of  rrplncing. 
There  are  a  considerable  number  of  them,   but  we    5h:ill   lirrt  , 
describe  such  as  are  known  of  that  remarkable  series  of  homolo* 
);:ous  radicals  beginning  with  methyle  and  ethyle,  and  we  shall 
afterwards  notice  those  radicals  of  this  group  which  ore  not 
homologous  with  methyle  and  ethyle. 

But  besides  these,  we  sliall  have  to  notice  certain  electro- 
negative radicals,  derived  from  the  electropositive  ones  of  the  i 
othyle  scries,  and  forming  acids  by  uniting  with  oxygen.  Of  j 
these,  which  are  not  yet  kunwn  in  the  separate  form,  the  type  isj 
fornjyle,  derived  from  methyle.  We  shall  treat  of  them  under  j 
the  radicals,  from  which  they  are  respectively  derived,  and  not  ia ' 
n  separate  section. 

Under  the  radicals  of  the  methyle  and  ethyle  series,  we  shall 
also  introduce  the  new  rudionls  formed  by  the  combination  of 
these  mth  phosphorus,  and  with  metals,  such  as  zinc,  antimony, 
iirsenio.  A  strict  ariongemvut  is  not  yet  attainable,  but  it  wL 
lie  found,  that  with  the  aid  of  homologous  series  and  of  the 
doctrine  of  substitution,  these  numerous  compounds,  (our  acooont 
"f  which  must  necessorily  be  very  brief,)  will  be  rendered  mora| 
intelligible  to  the  student  and  more  easily  remembered  ths 
hitherto.  We  begin,  tlieu,  with  luethyle,  the  lirsl  organic  radical^ 
of  the  homologous  series  to  which  it  belongs. 


"----      ■" 
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on  io< 

^^   zincel 
^^   ducts 


IU0IOIL8  or  TBI  OEXKSAb  lOUIUU,  CaHa  ■)■    1. 

Mcthyle.     C.n>=Me. 

This  radical  was  first  obtained  by  FranUand  and  Kolbe,  oa  a 
product  of  the  action  of  potassium  on  cyanide  of  ethyle.  It  was  | 
•oon  after  observed  by  Kolbe  among  the  products  of  the  electro- 
lytic decomposition  of  acetic  acid  ;  and  by  Frankland,  among  the 
products  of  the  action  of  zinc,  aided  by  beat  and  under  pressure, 
on  iodide  of  ethyle,  and  by  the  action  of  water  on  the  new  radical 
zincethyle.  In  all  these  cases  it  is  accomjianied  by  other  pro- 
ducts, all  of  which  are  not  exactly  known  ;  but  in  the  third  of 
it  se«ms  to  be  formed  in  the  following  manner :  iodide  of 
le,  C«  Ha  I,  acted  on  by  zino,  yields  iodide  of  zino,  Za  I,  and 
ethyle,  C«  Us ;  and  a  part  of  the  ethyle  is  resolred  into  methyie 
and'  dayle,  thus :  C«  H.  =  Ci  Hs  -f-  c".  Hj  . 

Mcthyle  is  a  gas,  of  Sp.  O.  10365,  which  at  (f  F.  is  not  Uqnid, 
■nd  which  has  resisted  a  pressure  of  20  or  30  atmosjiheres.  It  is 
oombustible,  burning  with  a  bluish  flame  and  little  light.  It 
h*a  an  ethereal  smell,  and  is  not  absorbed  by  water,  but  alcohol 
kbaorb*  it.  It  has  certainly  the  composition  Ci  ll^,  but  we 
dannot  be  certain  that  it  is  the  radical  methyie,  or  that  it  may 
not  be  only  isomeric  with  that  body.  Since,  however,  its  pro- 
duction by  the  electrolysis  of  acetic  acid  is  attended  by  that  of 
oxide  of  mcthyle,  we  may  oonolude,  for  the  present,  that  it  is  the 
true  rsdicaL 

Methyie  exist*  in  nature,  but  not  tincombined,  so  far  as  we 
yet  know.  Its  oxide  is  found  in  the  oil  of  GauUheria  prixumbetu, 
oombined  with  salicylic  acid.  But  oxide  of  methyie  is  more 
abundant  and  lietter  known  as  one  of  the  chief  ingredients,  in 
the  form  of  hydrate,  of  the  more  volatile  product  of  the  distil- 
lation of  wood. 

Methyie  is  chiefly  interesting  as  the  lowest  or  first  member  of 
•  very  n^markable  group  of  homologous  radicals,  the  formuliD  of  a 
number  of  which  ore  given  in  Column  1  of  the  table  of  homologous 
compounds.  Immediately  above  it  in  the  scries  (below  it  in  the 
eolumn)  stands  ethyle,  C*  Hj,  which  differs  from  it  by  C«  Ht, 
and  the  same  increase,  of  Ci  Hi ,  is  made  at  each  step.  Kow,  if 
we  nibtraot  Ci  Hi  from  methyie,  instead  of  adding  tlfem  to  it, 
we  obtain  H.  or  hydrogen,  which  is  therefore  the  inorganic 
•tarting-point  of  this  organic  series.  And  wo  shall  find  that 
methyie  and  its  homologuos  agree  in  many  points  with  hydrogen. 
ITius  they  all  combine,  although  not  directly,  with  oxygen, 
chlorine,  bromine,  iodine,  sulphur,  cyanogen,  Ac,  in  the  samu 
proportions  by  Tulumc  as  hydrogen  does;  they  may  be  substituted 
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for  hydrogen  in  aininonia  without  changing  the  type  of  that 
bn«e  ;  and  aa  hydrogen  forms  compoanda  with  certain  metal*, 
tellariuni,  arsenic,  and  antimony,  so  also  do  methyU  and 
ethyle.  In  one  point  of  view,  therefore,  we  may  regard  all  tbt 
radicnls  of  the  methyle  series  as  homologies  of  hydrog'en.  But 
we  must  remember  that  in  another  they  differ ;  for  while  the 
oxide  of  hydrogen  is  neutral,  that  of  methyle  is  basic;  the 
chlorides,  &o.,  of  hydrogen  are  strong  acids,  while  the  ohlorides, 
&c.,  of  methyle  are  neutral  others. 

Another  cirounstanoe  must  be  mentioned  here.  Most  of  tJbe 
known  compounds  of  carbon  and  hydrogon  which  are  volatile 
have  snch  a  density  in  the  form  of  gas,  that  their  formula  lepri- 
•ents  4  vols. ;  that  is,  the  densities  of  their  elements,  added 
together  in  the  proportions  indicated  by  the  formula,  represent 
the  weight  of  4  vols,  of  the  compound,  and  this  sum  must  be 
divided  by  4  to  give  the  density  of  the  compound,  which  is  tie 
weight  of  1  vol.  But  methyle  and  its  homolognes,  if  examined  in 
reference  to  their  density,  arc  found  to  represent  only  2  vola.,  a 
somewhat  unusual  occurrence.  Thus  methyle,  Ct  Qi ,  rcpnsMito 
not  4,  but  2  volumes  of  the  gas,  which  is  therefore  twio*  as 
heavy  as  it  should  be,  if  it  followed  the  law  of  4  volmnes. 
For  this  reason,  Ilofmann  and  others  are  disposed  to  think  that 
the  formula  of  methyle  should  be  doubled,  which  would  give 
C«  Ua ,  and  this,  calculated  for  4  volumes,  would  agree  with  the 
actual  denfdty  of  the  gas.  But  it  is  certain,  that  many  things  in 
the  history  of  methyle  agree  better  with  the  formula  Ci  ll»  than 
with  C»  H« ,  for  the  latter  would  make  tho  oxide  C«  H«  Oi ,  the 
chloride  C-iHsCli,  &c.,  and  would  make  it  necessary  to  double 
tho  quantities  of  all  those  substances  which  act  on  it,  thus 
yielding  very  impnjbable  formula-.  Tho  two  opinions  may  be 
reconriled  by  supposing  that,  as  Fraakland  has  recently  shown, 
the  methyle  produced  in  tho  processes  above  mentioned  is  not 
identical  in  all  of  them.  The  methyle  obtained  from  cyanide  of 
eUiyle  by  potassium,  and  that  formed  by  the  action  of  wsWr 
on  zincethyle,  Ci  U»  Zn,  is  not  true  motliyle,  but  a  polymerie 
oompouud,  C«  ITa,  homologuiis  with  marsh-gas  (methylole  or 
fonnSne,  C  II»  or  rnthcr  Cj  lit ) :  while  the  gaa  produced  in  the 
electrolysis  of  acetic  acid  is  tho  true  methyle,  CaH*.  llio 
former  may  be  supposed  to  be  produced  by  the  ooalesoenee  of  2 
atoms  of  the  latter  into  one  double  molecule.  The  same  remarks 
apply  to  ethyle,  and  the  other  radicnls  homologous  with  methyl«, 
rmnd  will  not,  therefore,  need  to  be  repeated  when  troaling  of 
these. 

When  ^incethyle,  C4  lit  Zn,  a  body  to  be  dcscnbed  beirsoftcc, 
is  uoled  on  by  water,  there  is  formed  oxide  of  xinc,  and  a  gaa  tl 
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givon  VS,  whiok,  aa  already  mentioned,  is  oitbcr  methylc,  CiH», 
«r  lli»  polymcrio  body,  Ci  Hs,  most  probably  the  latter.  Ita 
fonsation  is  very  sinijile,  C<H«Zn  -)-  H  O  ^  Zn  0  -f  2  (CiH») ; 
or  C*  n>  Zn  +  H  0  =  Zn  0  +  C»H<i.  If  we  adopt  the  lotter 
farmalJ^  we  may  regard  it  as  hydtiret  of  ethyle,  C«  lis ,  Q  ;  aad 
tlw  anTtvpondin^  ooni|iouiid  of  niethyle,  which  is  formed  wheii 
'<  acted  on  bv  water,  will  be  CiII*.  Ita  formation 
_  iiws:  C«  H»  Zn  -(-  n  O  =  Zn  0  +  2  (C  Hi) ;  or 

P*  H»  Zn  +  H  0  =  C»  H«.    The   latter  formula  will   become 
I  Hi,  n,  or  hyduret  of  mcthyle.     Adopting  this  view,  we  hav* 
'  the  tvo    pwnllel  and  polymeric   series,  in  each   of  which  the 
I  are  homologoos  : — 

Ci    H«    =Ci    H>,    H,  Hyanret  of  Methyle. 
■  BtMetl^Ie        C<    Ha    =C.    Hs,    H,  HyJuret  of  Ethyle. 
;H<Klkyte  Ci    Hui  =  Ci    Hv,    H,  HyJaret  of  liutyle. 

&H<rtvpyle         Cu  Hu  ^Cu  Bii.H,  Hydaiel of Caproyla, 

aB4l  M  on.     It  is  highly  probable  that  in  each  cose  both  com- 
ada  exbi,  except  in  the  first  hyduret,  that  of  methyle,  which 
BO  corresponding  polymeric  body  in  the  first  column,  since 
\  oompouod  would  be  C  Hit,  an  im]>ossible  formula. 
Having  now  explained  the  ivladona  of  methyle,  we  proceed  to 
ands. 

1.  Oxiile  of  Methylo.     C.H.O  =  McO. 

This  onrnpound  is  obtained,  like  ether  (oride  of  ethyle)  when 

ST.-  t,  which  is  the  hydrnted  oxide  of  methyle,  is  dis- 

fr.  ,    own  volvime  of  oil  of  vitriol ;    it  escapes  as  on 

iBfluuuuti>l>.'  giu.  Like  oxid«  of  ethyle,  it  is  a  base  and  neutralises 
It  ovi>n   forms  a    neutral   sulphate,   more   easily    than 
of  ethyle.     It  is  worthy  of  notioo,  that  oxide  of  methyle  is 
4e  with  alcohol ;    far'c.  Hn  0.  =  'i  (Ci  n»  0)  :  so  that 
two  bodiee  have  the  same  ooni{xisitioii,  in  lOO  pnrt«;  that 
Lia,  Um  aiuae  ralatirw  pmpMrtions  of  the  name  elimirnts,  but  a  very 
lit  »b«olutc  amount :  the  equivalent  of  alcohol  being  twioo 
I  Iwwvv  ^.  tliat  of  oxide  of  methyle.     The  con»litution  of  theso 
•»Bi;  ri'over,  is  different,  for  one  in  a  hydrato,  C*Ha  0  + 

■  Ho,  ..:,....  Jio  other  is  au  anhydrous  oxide,  CiiliO. 

a.  Bydnled  Oxid*  of  MsUiyle.    Ct  H>  0,  R  0,  =  Ms  0,  H  0. 

Sr-     V"    '-    ^--^1?.     Pyroxilic  Spirit.     This  oomponnd  is 
oae  ts  of  the  deatructivo  distillation  of  wood, 

■al  u   luunii  111  till)  watery  portion    along    uith  acetic  noid, 
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acetone,  acetate  of  oxide  of  metliyle,  and  acreral  other  etherwl 
liquids,  besides  portions  of  the  oily  mutter  of  the  tar  dissolved  in 
them. 

By  rectification  with  chloride  of  oalcinm,  the  pyroxilio  spirit 
which  combines  with  that  nalt,  is  separated  from  several  other 
liquids  which  distil  over  in  the  heat  of  the  vapour-bath.  The 
residue,  if  mixed  with  its  own  bulk  of  water,  and  again  heated 
in  the  vapour-bath,  now  gives  off  the  pyroxilio  spirit,  which  is 
still  mixed  with  water.  It  is  puritiefl  by  rwtitiealifin  with 
<liucklime,  which  also  destroys  any  acetate  of  metbyle  that  may 
be  present. 

Pure  hydrated  oxide  of  mothyle  is  a  liquid  Tery  stmilar  to 
alcohol,  having  the  same  density  and  the  same  degree  of  inAaa- 
nability.  Its  odour  is  peculiar  and  ethereal.  It  boils  at  about 
140*  or' 150°. 

Wlien  heated  with  peroxide  of  manganese,  water  and  col- 
phurio  acid,  it  yields  various  products,  among  which  the  chief 
are,  formic  acid  and  formomethylal.  It  is  decomposed  by  nitrio 
acid,  yielding  oxalic  acid,  and  by  chlorine,  yielding  new  produola. 
It  dissolves  resins,  and  is  used  in  making  Tarnishes.  It  forma 
with  baryta  a  crystalline  compound  Ba  0  -i-  Me  0,  U  O  ;  and, 
with  chloride  of  calcium,  another  crystalline  body  in  laiK* 
hexagonal  tables,  Ca  CI  -|-  2  (Me  0,  H  6). 

By  the  action  of  platinum  powder,  pyroxiltc  spirit  is  oxidiaed 
into  formic  acid,  which  bears  the  same  relation  to  it  that  aoelie 
acid  does  to  alcohol. 

Methylic  alcohol  is  the  true  type  and  starting-point  of  the  saiea 
of  alcohols  to  which  it  belongs,  although  common  or  ethylic 
alcohol  has  been  longer  known,  and  la  the  body  from  which  tiw 
aeries  (column  3  of  the  table)  is  named. 

As  is  always  the  cose  with  two  contiguons  members  of  a  homo- 
logous serieit,  the  properties  of  the  two  alcohols,  ethylic  and 
methylic,  are  in  the  highest  degree  analogous.  The  chief  dif- 
ferences are  in  tlie  boiling-point  and  the  density  of  the  vapour, 
which  ore  both  higher  in  ethylic  than  in  methylic  alcohoL  The 
boiling-poiufs  differ  by  34'  F.  All  the  other  properties  arc  so 
similar,  that  methylic  alcohol  is  used  for  most  of  the  purpotes  for 
which  we  employ  alcohol ;  for  spirit  lamps,  as  a  solvent  fur  reains, 
&o. ;  and  recently  government  has  permitted  alcohol,  mixed  with 
i^th  part  of  methylic  alcohol,  under  the  name  of  methylated  spirit, 
to  be  used,  free  uf  duty,  in  various  manufactures.  This  addition 
of  methylic  alcohol  does  not  interfere  with  the  solvent  power  oi 
the  alcuhul,  and  has  only  the  effect  of  making  it  so  unjtalatmbla 
tliat  it  cannot  )k>  used  as  a  drink,  the  ta^te  of  methylto 
being  unpleasant. 
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of  MclhpU,  Ci  n»,  CI  =  Mo  CI,  is  a  gns  of  an 
BcU,  inflammable,  of  Sp.  O.  V1737.     It  is  formed  by 
of  eiilpharic  acid  and  cliloride  of  sodium  on  pyroxilio 
pint     By  tlie   action  of  chlorine,  aided  by  the  sou's  rays,  it 
lehla  iwYenil  new  oom|K>und8  coutjiiuini;  olUorine. 
r  4.  ludiths  of  Methyle,  Ci  H» ,  I  =  Me  I,  is  obtained  by  diatiUing 
iif  p^Toiilic  spirit,  8  of  iodine,  and  1  of  phosphorus.     It 
'lirinifi    boiling  between  102°  and   122%     The  chloride  and 
Sodid>  'o  are  now  used  in  resoaroh. 

6.    -    .  '/  Mel/ii/le,  Ct  Hs  8  =  Mo  S,  is  best  formed  liy 

tfc0  Mtitn  of  •  current  of  chloride  of   methyle  on  sulphuret  of 

dissolved  in  alcohol.    Me  CI  +  KS  =  Me  S  +  K  CL 

,  is  a  mobile  liquid,  of  u  very  offc-naive  alliuocous  odour,  boiling 

104*.     Its  Sp.  (i.  in  the  liquid  form  is  0-845 ;  in  the  form  of 

»]>oar,  it  is  2'1I5,    With  chlorine  it  gives  rise  to  several  now 

impounds.     The  hydrotulfihurrt  of  sulphurel  ofmethyk  (corres- 

ling   to    mercaptan}    I    obtained    by    distilling  the   double 

Jphatc    of    methylo  and  potash   with   the   hydrosulphuret  of 

JphuTpt  of  potassium.     (K  O,  Me  0,  2  S  Oj)  -f  H  S,  K  S  =  2 

;  O.  8  O. )  4-  H  S,  Me  8.     Its  fornmla  is  H  S,  Me  S  =  C.  H» , 

I  -f-  U  8.     It  is  a  colourless  liquid,  lighter  than  water,  whicli  . 

I  ai,  'Or,  and  acts  on  the  oxides  of  mercury  and  lead  exactly 
I  ncrcaiiton  docs.     Its  odour  is  most  oll'easive,  resembling  tLat  of 

I  highly  ooooeatrated. 

e.  q^imUtofMtthtjl*.    Srw.  AtetonitryU.  CUHs  N  =  C.  H,, 

iI7  =2  M«  Oy,  is  formed  when  ihc  double  sulpliate  of  potash  and 

byle  is  distilled  with  cyanide  or  ferrocyanide  of  potassium, 

\ \a  pTirifiHi  by  '  v.ith  red  oxiile  of  mercury,  and  tectifi- 

LioB.     It  !•<  n  ,  mobile,  volatile  liquid,  of  a  slightly 

;  kiiiell,  analogous  to  that  of  putrid  fish,  and 

It  is  very  inflammable.     When   heat«d 

itii  potub,  it  yields  ammonia  and  acetate  of  potash — 

C.n.N  +  K0  +  3no  =  NH.  +  KO,  CUiOs. 

jely  Iieen  discovered  that  cyanide  of  methylo  may  bu 
the  action  of  heat,  aided  by  anhydrous  phosphurio 
)  of  ammonia. 

o.n>o.,  NH.0  ■)-  po.  srot,  4no-»^c.H>N, 


Am  we  see  the  oyonida  of  methylo  formed  from  a  oompouod 
ia  whitfh  no  methyle  i*  present ;  but,  aco<irding  tu  the  usual  view, 
~^,  C*  Hi ,  a  radioal  derived  by  oxidotion  or  dchydrogenation 
byK  If  we  ooold  obtain  the  oxide  of  methyle,  or  it* 
,  frraa  tli*  cyanide,  then,  as  we  can  obtain  the  cyanide 
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from  acetate  of  ammonia,   we  should  bo  able  to  furtn  llii'  yd 
unkiioA\-ii  olcoliols,   analogous  with  pyroxUio  gpirit  and  alcohol, 
from  the  Tolatile  acids  of  the  formic  and  acetic  series,  of  wluA^ 
so  manj"  arc  known,  while  of  the  alcohols  we  know  very  ffw  ( 
yet.     We  should,  then,  from  acetic  ocid  obtain  hydrat^d  oxido  i 
metbylc,  or  methylio  alcohol,  from  propylio  acid  ordinary  alo 
from  butyric  acid  propylic  aluohul,  and  so  on.     Hut  we  oumfl 
yet  produce  mcthyUc  alcohol    from   the  cyanide    of    methyle 
although  it  is  probable  we  slmU  soon  find  the  means  of  doing  m. 
It  may  hero  be  noticed  that  ths  licjuids  formed  by  heating  1 
ammonia  salts  of  acetic  acid  and  its  homolo^nivs  with  ashydrontj 
phosphoric  acid,  were  at  first  supposed  to  be  a  new  class  of  cont' 
jKiunds,  and  were  called  nitryles,  os  cxi>laiacd  in  the  de^oriptia 
of  the    table    of    homologous   compounds.     The   above    liijuid 
C«  Hi  X,  was  called  aoetonitryle,   because   it  contains  acetyl 
C*  Hs,  and  nitrogen.     But  it  has  been  found    to    be  idcnt 
with  cyanide  of  methyle,  and  to  yield  cyanide  of  (Kitassium, 
acted  on  by  that  metal,  which  almost  proves  it  to  contain  cyanogen.' 
It  is  not  certain,  however,  that  there  may  not  exist  a  dau  uf 
nitryles,    which  are  not  identical,  but  only  isomeric  with  the 
cyanides.     The  reader  will  observe,  with  the  aid  of  the  tabl* 
juit  referred  to,  that  these  remarks  apply  not  only  to  methyk 
and  acetic  acid,  but  to  their  homologucs. 


8.\LTS  OF   OXIDE  OF   MXTHTLE. 

1.  Neutral  Sulphate.  Me  0,  S  Oi,  is  obtained  when  pyrox 
spirit  is  distilled  with  a  large  excess  of  sulphuric  acid.  It  for 
an  oily  liquid,  of  a  slightly  alliaceous  smell.  It  boils  at  37<)%1 
lloiling  water  decomposes  it  into  acid  sulphate  and  hydrate  i 
oxide  of  melhylc.  When  heated  with  chlorides,  cyauidos,  ic,  i 
yields  tlie  compound  of  methyle  with  chlorine,  cyanogen,  4o. 
with  a  salt  of  benzoic,  succinic,  or  other  organic  ooid,  it  yield 
benzoate,  &c.,  of  oxide  of  methyle.  Ammonia  converts  it  inO 
$utphamtthylane, 

\Mien  a  current  of  ammonia  is  mode  to  act  on  the  nMitnl 
sulphate  of  methyle,  there  is  produced  a  crystalline  i- 
C'«  Us  X  S<  0«,  which  has  been  called  lutphamelhylartt . 
be  viewed  as  oxamcthylane,  in  which  sulphainide,  S  U> ,  X  11a , j 
has  been  substituted  for  oxamide,  Ci  0«,  N  Hi;  orSOt  for  CtOt. 
It  may  also  be  considered,  if  oxamethylano  be  the  oxamstc  < 
oxide  of  methyle,  C»HsO  +  CHiN  Os,  as  composed  of  oijdc  o( 
methyli:  nnd  a  peculiar  acid,  formed  of  hyposulphuiio  acid  andl 
amide,  or  rathor  of  sulphuric  acid  and  sulphamide,  and  which! 
may  be  called  tulphamk  aeiJ :  and  its  formula  will  be  CsHsO  + 


A 


SALTS  OP  OXIDE  OF  METHYLE. 


179 


I. ),  or  C.  n,  ()  +  (S  0»  +  N  II,  ,8  0.).     On  this  view, 

ylone  is  tlie  salphumate  of  oxide  of  methyle. 

S,  SaufftliaU  of  Oziiit  o/ Methyle.  Stn.  Siilji/iomellii/llc  Acid. 
O,  iiv  O.  2  S  n, .  is  perfectly  analogous  to  su]j>huvinio  acid, 
1  tanas  I'li  as  that  of  potash,  K  0,  Me  0,  2  S  Os , 

I  art-  .  i  iibouietliylatea,  aud  correspond  exactly 

to  tit*  vulphuviiialea,  The  acid  sulphate  itself  may  be  obtained 
in  CTTstals,  which  are  very  soluble  and  vcrj-  acid.  It  is  best 
Abtaitied  by  the  action  of  hot  water  on  the  neutral  sulphates. 
Thib  iloable  ealts,  or  sulphometbylates,  ore  of  uo  particular  im- 
parbtnce.     They  crystallise  readily. 

3.  Xitraie  (if  OxiJe  of  Methyle,  Me  0,  N  0» ,  is  obtained  when 
fP3m>xiUc  spirit  is  distiUed  with  nitrate  of  potash  and  sulphuric 
tin.  It  is  on  oily  liquid,  the  vapour  of  which  if  beat«d  beyond 
MS*  caplodcs  violently. 

Tlw  iMolnl  oarbooate  of  methyle  is  not  known  :  but  double 
flriMilMtli,  aualoi^us  to  those  of  cthylc  with  olkidies,  mny  be 
{■vpuod  in  tix'  same  way  as  those  compounds. 

4.  Otrbuniiite  of  Oritle  of  Methyle,     Syn.      Vrgthylanc,  Ctlla 
I  =  Ci  IIj  O,  C»  a  III  Oj  .     This  compound  is   formed  when 

rbouio  acid  acta  on  pyroxylio  spirit,  and  (he  product, 
It.,  is  mixHl  with  ammonia.  The  oily  product  lirst 
1,  C'«U»Cl  0»,  is  acom^Kiuudof  oxide  of  methyle  with  an 

C«  ^  [  ,  and  may  be  represented  thus,  Ci  H>  0,  C«  ^f  |  , 

WlMa  it  acta  on  ammonia,  the  lotter  is  decom]>o9cd,  1  cq.  of  its 
hjingea  taklui;  the  ohloriue  of  the  oil,  while  the  chlorine  is 
CVfdMivd  by  Muide,  aud  the  resulting  beautifully  crj-staliiDo  oom- 

ponad  t$  til*  carbamate  of  oxide  of  methyle,  Cs  IL  0,  C>  ^,.'  |  +  N 

H.=  n  CI  +  CtlLO,  C.^.*^^  |  .     This  lost  group,  C.  ^.' ^^  U 

tnoarbamidf,  nr  corbamio  acid,  on  ooid  auiidide.  The  carbamate 
ia  iaoiBeric  willi  (^lycocinc. 

£.  Oxalalf  ./  Oside  of  Methyle,  Me  0,  Ci  0»=  C»  Hs  0<,  ia 
ohflliBed  in  a  mauiier  analogous  to  that  iu  which  oxuliu  ether  is 
jaw|Mn>d.  It  forms  a  urystuUiue  solid,  soluble  in  alcohol  aud 
Dxilic  spirit,  which  dv{H>9it  it  in  large  cry^tuls.  lly  the  aotiou 
BUimuniu,  it  is  conviTt4.-d  into  uxitniethytaiie  (annlogous  to 
»n«),  which  is  the  oxannite  of  ojriilc  of  methyle,  t'o  lla  N 
:C«n<,  0  +  C*  IJiX  0>.  Liiiuid  ammonia  couvt-rtn  it  into 
«(jjBtd<',  oa  is  the  i-Asu  with  oxalic  ether,  only  here  metliylio  and 
iBot  ethylie  alcohol  is  formed  at  the  same  time.  ('•  Ih,  (J,  Ci  <)> 
1  +  S  U.  =  Cs  H.  0,  H  0  +  Ci  Oi  N  Hi.  This  i»  in.rhaps  the 
,  way  of  oblaittiflg  oxomide  in  large  (juouUty. 

«  1 
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Bisnlphuret  of  carbon  acid  acts  on  pyroxilio  spirit  exactly  M0o| 
alculiol,  producing  auologous  compounds.  (See  Kulpbooarbonate  ] 
of  oxide  of  ethylo.) 

6.  Benzoate  of  Oxide  of  Melhytt,  Me  0,  Bz  0,  is  best  obtained 
by  distilling  dry  bcuzuat«  of  lime  or  soda  with  neutral  8ul{>lutt 
of  mctbylc.  It  is  on  oily  liquid  of  a  balsomio  odour,  analogona 
is  other  respects  to  benzoic  ether.  I 

7.  Acttiilp  of  Oxide  of  Methyle,  Me  0,  Ac  0»,  is  obtained  in 
the  same  way  a^  acetic  ether,  which  it  resembles.  It  occurs  in 
considerable  quantity  in  raw  pyroxilio  spirit,  and  even  in  that 
which  has  only  been  purilied  by  rectification.  Whim  quicklime 
is  used  iu  the  rectitication,  it  is  destroyed,  yielding  an  additioDol 
quantity  of  the  pure  hydrate  of  oxide  of  mcthyle.  It  is  Toy 
volatile  and  iniiammable,  and  for  most  purposes  it!>  prcwnoe  in 
the  wood  spirit  is  not  at  all  injurious.  It  is  isomeric  with  formiat* 
of  oxide  of  cthyle  :  for,  Ci  H j  O  +  <.:.  li.  0»  =  Ci  H ,  O  +  C,  H  fh . 

8.  Salicylalv  of  Oxiile  of  Methyh,  CioHs  0»=  C.H»0,  C«  Hs  > 
Oa ,  exists  ready  foi-med,  as  the  volatile  oil  of  Gaulthrria 
cumbcnt,  or  Wiiitergreen.  It  is  very  fragrant,  and  plays  lhe| 
of  an  acid,  combining  %rith  alkalies.  'When  mixed  with  tlicm,^ 
however,  salicylates  are  formed,  and  pyroxilic  spirit  set  frt«.  It  iaJ 
a  very  interesting  compound,  as  it  cjint«ina  two  substaaoMl 
previously  only  known  as  artiiicial  products ;  namely,  aalicrliel 
acid  and  oxide  of  methyle. 

9.  Phenomethole.      Srir.      Ani'soU:     Carholatf   of    OritU  oj 
Meihijh.     Ci.  IL.  0.  =  C.  Hs 0,  C.  Hj  0.     This  comjwund, 
parcntly  homologous  with  hydratcd  carbolic  acid,  C'li  lln  Ot,l 
obtained  by  heating  with  baryta  the  preceding  ooiopound,  or 
anisic  acid,  Ci>  Hr  Ot ,  H  0.  which  is  isomeric  with  it.     Ci4  H>  0* 
+  2  Ba  0  =  2  (Ba  O,  C  O.)  +  Ci.  H.  0.-.     Colioun  has  ahow«1 
that  this  compound,  which  bears  to  anisic  acid  the  tame  rclatioal 
OS  phenole  or  carbolic  acid  does   to  salicylic  acid,  i!>  really  thai 
oarbolat«  of  oxide  of  methyle,  or  hydrated  carbolic  acid,  in  whicbl 
1    eq.  of  water  is  replaced   by  1  eq.  of  oxide  of  mcthyle.     It 
is,  therefore,  not  tnJy  homologoas  with  carlx>lic  acid,  but  is  i 
compound  of  that  acid  with  oxide  of  methyle,   and   i 
quently  the  Brst  member  of  a  series  of  homologous  oompoomUyl 
thus, 

1.  rheDomctbolo    Ci.  H«    Ot=C>    Hi    0,  C>i  H>0. 

2.  I'hcncthola         C  UioOi  =  C.    H»    O.  di  HiO. 

3.  Plicnuiiropylnle  Ci.  Hit  0.=  C«    Hi    0,  Cn  II.O. 

4.  Phenobiitylole    Cm  Hi.  Oj  =  C.    H.    0,  Cn  HjO, 
6.  rhommiilule       Ctt  Hi>  Oi=Ci«  Hu  0,  Cn  HiO. 

The  compounds  Nos.  3  and  4  have  perhaps  not  yet  been  foi 
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lie  and  butylio  alcohols  and  ethers  are  now  known, 
on  may  be  with  ecrtointy  predicted.  The  names  given 
are  analogous  to  thut  of  phonole  (corbolio  aoid)  with 
nijfih  these  componnds  ore  apparently  or  empirically  homologous, 
u  otrbulic  acid  dilfers  from  No.  1  by  Cs  Ui .  These  compounds, 
bowtror,  canniit  be  truly  homologous  with  carbolic  acid,  because 
Uiey  ore  not  acids  but  neutral  ethers,  and  tlieir  true  mimes  arc,  in 
full.  earboliOe  of  oxide  of  mothyle,  or  of  ethyle,  propyle,  butyle, 
vujU,  aod  60  on. 

When  salicylate  of  oxide  of  methyls  is  acted  on  by  nitric 
Mid,  it  yields  nilrosalicylate  of  oxide   of  metbyle,   Ci  Hs  0, 

C»»   vj.     J    0»,  in  yellow  silky  prisms.      With  ammonia,  this 

oompoia&d  torms,  like  the  corresponding  ethyle  compound  (which 
sm).  oitrMKlioylaniide. 
The  BBtate  of  oxide  of  methyle  is  a  crystalline  solid,  analogons 
tta  iveparation  and  properties  to  the  corresponding  salt  of  ethyle. 
1 0.  Cyanatt  of  Oxide  of  Methyle,  C»  N  H»  0.  =  C,  Hs  O,  C  N,  O. 
oompooud  was  obtained  by  Wurtz,  by  distilling  oyanate  of 
«rith  sulphomethylato  of  potash  (double  sulphate  of 
and  potash).  It  is  a  volatUc  liquid,  of  a  very  penetrating 
W  JiJ»  amuouia  it  yields  a  crystalline  product,  (J»  N>  Ho  Ot , 
koaoloico^is  witli  urea,  and  which  may  be  called  melhylo-urea, 
tUMi  it  is  urea,  in  wltiuh  1  eq.  of  hydrogen  is  replaced  by  1  eq.  of 
BMflkylr.  t'Taiiati<  of  oxide  of  methyle,  in  contact  with  water,  is 
moll    '  io  ncid  and  a  new  oompound,  dimethylo-urea, 

-urea, 

S(C.NU>0>)  +  2BO=2COi  +  O.NiH>0>. 


f 


nve  anotber  scries  of  homologous  compounds,  not 
the  table  ;  but,  indeed,  every  oompound  of  mothyle, 
tail  every  dcriratiTo  from  it  ret  known,  is,  in  like  manner, 
tlie  •tartin^-tKiint  of  a  homologous  series,  and  it  will  be  seen 
that  the  table,  large  though  it  is,  adioitH  of  enormous  extension 
borisnotally. 

n.  A Uaphanate  of  Oxide  of  Methyle,  Co  Ni  Ue Oo .  When  the 
Viyoon  of  c>'uiic  acid  are  brought  in  contact  with  pyroxilio  spirit, 
ihia  oompound  is  formed.    It  is  Ct  lb  U  +  C«  Ni  HiOi.    Th« 

lattrr  •    -.  allophanio  soid,  the  production  of  whioh  will  be 

•spli  '  r  ou,  under  i'thTlt<. 

12.   I  ;  '  Oriilf  of  Methyle,  Ci.  N»  H.  0«  =  8  C«  H«  0, 

XsHi.  I Hiuud,  according  to  Wurtz,  is  formed  when 

'i  is  boated  with  oyanurat«  of  (Mitash.     It 

le  ttt2K4°,  and  volatile  at  003".     It  is 

<iihfl"lf'"  iu  water,  wluLlo  in  aloohol  and  other. 
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Many  other  salts  of  oxide  of  methylc  mifjht  be  enumerated  < 
Bpnce  permit ;  but  those  already  giveu  suffice  U>  show  thnt  oxide 
of  melhyle  replaces  t-ho  water  of  hydrat«d  acids,  jui>t  as  oxide  of  I 
potassium  does ;  or  rather,  that  methyle  replaces  the  hydrogen  f 
of  bydrated  or  of  hydrogen  acids,  as  metals  do,  yielding  neutral ! 
compounds.  { 

Before  proceeding  to  the  products  derived  by  oxidation  or  other  j 
modes  of  decomposition  from  oxide  of  methyle  or  pyroxilio  spirit., 
it  may  be  as  well  here  to  point  out  the  existence  of  compounds, 
in  which  methyle  replaces  the  hydrogen  of  ammonia,  without 
destroying  its  basic  characters,  compounds  which  are  among  the 
most  remarkable  which  have  been  of  late  years  discovered,  and  | 
the  discovery  of  which  has  very  greatly  added  to  our  knowli-dge  [ 
of  the  organic  hoses.     They  are  here  introduced,  because  ihe  first  1 
of  them  was  obtained  from  some  of  the  salts  dcscribfKl  in  the] 
immediately  preceding  paragraphs,  namely,  from  the  cyanate  of j 
oxide  of  methyle,  from  the  methylo-urea,  and  from  thecyanurate,! 
polymeric  with  the  cyanate. 

1.  Methylamine.   Cs  H»  N  =  N  y*    |  .     According  to  WorU,| 

this  compound  is  obtained  by  boating  cyanate  of  oxide  of  mcthyl»( 
with  potash.     Bearing  in  mind  that  bydrated  cyanic  acid  (fromj 
\fhich  this  cyanate  only  diifers  in  containing  1  eq.  mithyii',  Ci  \\t 
in  place  of  1   cq.  hydrogen)  is  decomposed  by  potash,  yielding 
carbonate  of  potash  and  ammonia,  this  change  is  rciulily  ex- 
plained by  the  following  equations  : 

Cj  N  0,  H  0  +  2  (K  0,  n  0)  =  2  (COs,  K  0)  +  N  n. 


Hn 


Hydnt«d  Cyanic  Add. 

C-.  NO,  MeO  +  2(K0,  HO)  =  2  (CO.,  K0)+  N  JJ^| 
CyunitoorOxidtofMothylo.  M«t.hyUu>liie. 

8inoe  the  cyanurate  of  oxide  of  methyle,  ■which,  as  wo  have 
seen,  is  tribnsio,  is  polymeric  with  the  cyannte,  itii  equivalents 
being  exactly  3  times  greater,  we  have  only  to  multiply  the  laatfl 
equation  by  3  to  explain  tlio  piBduction  of  methylaminc  from  the  ^ 
cyanurate.     From  methylo-urea  it  is  obtained  as  luUuws,  com- 
paring  the  action  with  that  of  urea  : 

C»N.n.05  +  2(K  0,  HO)  =  2  (CO/.  K0)+  N  H.  +  NH. 


"•1 


C.N.n.0.  +  2(K0,  HO)=a(CO.,  KO)  +  If  n.+  N  j^'^l 
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Tbaw  eqiuUions  abow,  that,  as  in  tlie  compounds  employed, 
brdn^^  kas  be«n  roplnoeil  by  mcthyle,  Ci  IL ,  so  in  the  pruducU 
Om  auM  uibstitutioQ  continues.  And  if  we  record  ammonia  as 
tb«  hjrdurct  of  amide,  J{  Hj,  II,  then  methylamine  is  methvla- 
mid«,  S  H.,  Me  =  N  II.,  C.  Hj  =  C.  H.  N. 

Metbylamine  bos   aUo  been  observed  among  the  products  of 
dMOBfoaition  of  several  organic  con]])ounds,  such  as  morptiine. 
Be,  wtf'ine,  &c.,  and   is   probably  a  constituent  of  many 
<^.     It  is  found  also  in  the  oil  obtained  by  distil- 
iiol  matter. 

MMhylsmine  is  a  condensiblo  gas,  of  Sp.  6.  1'075.  At  or  a 
littla  hthw  32%  it  forms  a  mobile  litjuid.  It  has  a  very  pungent 
ROieU,  *o  like  that  of  ammonia,  that  it  has  certainly  been 
finpqiMtilly  titken  for  ammonia,  when  accidentally  formed,  and 
thos  or<rlooked.  It  is,  of  all  knonii  gases,  the  most  soluble  in 
rtttix.  At  BO'watxjr  takes  up  about  1150  times  its  volume  of 
tile  gas.  The  smell  of  the  gas  and  of  its  solution,  oltboagh 
Ijcloaely  resembling  thot  of  ammonia,  has  yet  sometliing  empyreu- 
I  and  peculiar.  Methylamine  is  distinguished  from  ammonia 
property  of  kindling  at  a  candle,  and  burning  with  a 
>>b  flame.  Ammonia  can  only  bo  kindled  in  oxygen  gas. 
ine  is  •  very  powerful  base.  It  neutralises  the 
kiSeida,  and  forms  thick  white  vapours  with  the  volatilo 
oiiin.  It  oots  on  metallic  solutions  as,  for  example, 
iiid  copper,  exactly  like  ammonia.  The  salts  of 
■  I  i^ely  analogous  to  those  of  ammoni.i,  and  the 
:!  iim  and  mercury,  and  the  t«rohlondc  of  gold, 
:•-  r. -.  ipMing  the  corresponding  compounds  of 
>..;.,  ii!,.i;  methylamine  acts  on  protochlorido  of 
,  it  gives  rise  to  a  scries  of  bases  perfectly  homologouB 
I  desoribcd  under  ammonia,  but  which  our  limited  space 
to  describe  in  detail. 
WImq  sulphate  of  methylamine  is  evaporated  along  with 
tjranale  of  potash,  mttliylo-mcn  is  obtained.  It  would  appear 
be  bndy  thus  obtained  has  all  the  [ifopiirties  of  a  urea,  and 
I  aam|iound  already  described  under  that  name  is  perhaps 

isdlni  rli-  IiiiMliliration  of  it. 

n  .   methylamine    is    decomposed,  yield- 

tg  v\..^ . — ,_ .ai,  hydrocyanic    acid,  morsh-gos,   and 

"en.     Thus: 


s  (c.mK)  =  N  H.,  CN  +  H,  OiN  +  c>n.  +  m. 

MatMytoTtmiiif,  C«  N  Tit  Oi.     When   the  osalata  nf  inotllf* 
C*  U*  X.  Q  t),  Ci  <)>,  is  heated,  itjrields  methylojamidi. 
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lunnologoas  with  oxamide.     But  ttiis  oompouiid,  like  oxamide,  1 
'better  obtained  by  the  action  of  the  base  itself  oa  oxalic  ether. 

C4  Hi  0,  Ci  0>  •«-  Ca  H>  N  =  C<  H>  bi  -I-  C<  N  H«  Oi. 


Oxalic  Ethor.     MethrUmina.       Aloobol.       Methjtoumiil*. 

Mtthyhxamic  acid,  C«  H  lit  0< ,  H  0,  is  obtained,  like  oxftmio 
arid,  \ij  heating  the  bLaoxalatc  of  the  hose. 

CHiN,  HO,  OiO,  +  CtO;,  H0  =  2H0  +  C.NH.O.,  Htt 


Sdothyloxunlo  Add. 


Binoxalftte  of  MclhjrUmlne 

These  two  products  are  homologous  with,  and  perfeotljr  analo- 
gous to,  oxamidc  and  oxamio  Qoid.  Methyloxomide,  however,  U 
soluble  in  water. 

It  is  hardly  necessary  to  add,  that  for  every  neutral  amide, 
such  OS  oxamide,  benzomidc,  &o.,  as  well  as  for  every  acid  amide, 
■nch  OS  oxamio  acid,  carbamio  acid,  &d.,  we  may  expect  to  hove 
a  corresponding  compound,  in  which  1  eq.  of  hydrogen  is  replooed 
by  methyle,  or,  what  is  the  same  thing,  anudogen,  N,  H  H,  ii 
replaced  by  methylamidogen,  N,  H  Me. 

Methylamino,  when  acted  on  by  chlorine,  bromine,  and  iodim, 
yields  substitution  products,  wliioh  as  yet  Lave  been  little 
studied.  Those  of  the  corresponding  base,  ethylamino,  appear 
to  hare  lost  the  basic  character,  as  will  be  explaiued  further  on. 
Here  it  is  only  necessary  to  state  that  methylamino  does  yield 
similar  produota. 

We  have  seen  that  methylamine  is  the  first  member  of  a  wriea 
of  bases,  homologous  with  ammonia  ;  and  we  may  even  regard 
ammonia  itself  as  an  organic  base,  and  the  true  starting-point  of 
the  series,  as  hydrogen  is  of  tie  series  of  radicals  to  whioh 
metbyle  belongs.  The  scries  will  be  seen  in  the  last  oolamn  of 
the  table  of  homologous  compounds,  and  it  will  be  obserred  that, 
viewed  as  the  starting-point  of  that  scries,  ammonia  is  to  be  rtpra- 
■ented  as  hydramide,  N  Hi  H  ;  and  that  it  is  this  lost  atom  of 
hydrogen  which  is  replaced  by  methyle  and  its  oong«uen,  so 
that  we  have 


I 


I 
I 


Ammonia  H]N  =  Nni,H 

MethfUmine  C>  H>  N  =  N  U> ,  Mr 
EthjUmine   C<HiN=:K  Ht,  A«,  ke. 


At  each  stop  Ci  Hi  is  added — or,  what  is  the  same  thing,  in 
bajif,  Amide,  Jf  H«,is  combined  with  mothylo,  Ci  Hs,  ethyle, 
Hii|i.te.,  &o  ,  ihufc  radicals  diifeting  by  Ci   Hi.     This  maybe 
called  tho  tint  iwries  of   bases,  homologous  with  ammonia,  or 
arniiU   6mm,  since  in  them  wo  hare  amide,  X  Ui,  pim    the 
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The  general  formula  of  this  series  is  either,  Ad.  (amide) 
t  Hs  '«-  I ;  or  C«  H>  +  3  N.  AVe  shall  see  that  a  consider- 
i  uunlier  ore  kcovrn  of  this  first  or  methylio  series  of  amide 
,  M  well  as  several  of  a  second  or  phenylio  scries  also  of 
amM*  Imms,  of  which  aniline  (phenylamine)  is  the  type.  And 
doabtleis  other  series  will  be  disoovered,  still  of  amide  basti. 

Bat  thei«  arc  already  known  some  series  of  bases,  homologous 
with  ammonia,  yet  not  amide  batet,  for  our  knowledge  of  whioh 
Ve  »IK  indebted  to  Hofinann.  The  first  of  these  is  that  of  the 
imidr  ha^ti  of  the  methylic  radicals.  The  name  imide  is  given  to 
tbe  ooapound  K  H,  or  amide  mintu  hydrogen,  whioh  exists, 
wlwud,  in  certain  derivatives  of  ammonia. 

Vev,  to  nnderstond  the  formation  of  imide  bases,  ammonia 
BUUt  Im  viewed  as  N  H,  U  H  ;  the  group  N  II  being  imide ;  and 
«•  Itfve  tlien  to  replace  the  2  eqe.  of  hydrogen  beyond  it  by 
OMtlif  I«,  ethylc,  i&c.  This  may  be  done  in  the  ooae  of  methyle  by 
wiating  bromide  of  methyle  to  aot  on  methylomine. 

IfoBr  +  NH,  H,  Me  =  HBr  +  NH,He,  Me. 

iimelkylamiiie. — The  now  base  is  called  dimcthylamlne.  It 
1  yet  b«cn  studied,  but  the  corresponding  ethyle  ba.se,  die- 
»,  bos  been  ubtoiucd,  and  will  be  described  under  that  head. 
,  must  be  C*  Uf  X,  and  it  is  isomeric  with  ethylamine. 
HoftnMin  has,  however,  obtaiued  and  described  some  other 
s,  in  whioh,  while  the  first  eq.  of  hydrogen  is  replaced 
kj  methyle,  the  second  is  replaced  by  a  diii'erent  radical,  such 
I  tlhyle  or  phenylc.  Of  these  the  best  known,  as  yet,  is  Methy- 
or  Methylophcnylamine,  N  H,  Ph  Me,  which  is  an  imide 
Sf  formed  from  methylomine  by  the  substitution  of  1  eq. 
phcnylr,  Cit  n>,  fur  I  eq.  of  hydrogen.  This  base  will  be 
OMontwd  under  phenyle.  Uany  siniilor  bases  wiU,no  duubt,  soon 
bt  known. 

'limine, — But  this  is  not  all,  for  Ilofmann  has  shown 
ic<:  of  bases,  homologous  with  ammonia,  may  be 
i  ird  eq.  of  hydrogen  is  also  replaced  by  a 
MS,  or  of  any  other  similar  claiss.     These 
.  nirri/U  batft,  to  imply  that  in  them  only  the  nitrogen  of 
HBunonia  is  left.     Ammonia  may  bo  viewed  as  N  +  II,  11,  U  ; 
tad  U  we  sujipo.'-K  all  tltese  eqs.  of  hydrogen  repkoed  by  methyle 
'  kve  trimotbylumiae,  N  +  Me,  Me,  Me.    This  base  oertaiidy 
and  has  boon  fbond  in  the  brine  of  pickled  herrings,  to 
I  a  laltvf  thin  baito  gives  its  peculiar  flavour.     The  base,  is 
D,  ia  t«  n*  N,  and  was  at  limt  siipjiosiHi  to  be  propylamine, 
i,  I'r  =  NH>,  Ci  IIt  ;  but  it  hiu  been  shown  to  b«  really  tri- 
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metliylamine,  which  U  bomeric  with  propylamine.     Ilofinaiin  ha« 
since  shown  that  trimethylumine  and  its  salts  possess  the  peciilia* 
flavour  observed  in  the  brine  above  alluded  to,  in  which  trii 
thylaroine  has  probably  been  formed  by  a  transformation,  possilj 
a  kind  of  putrefaction  of  some  animal  compound  contained  w~ 
the  fish. 

The  imide  base,  methylethylamine,  N  H,  Me  Ae  =  Co  Ho  N,  is 
isomeric  ^^•ith  both  trimethylamine  and  propylamine,  but  is  quite 
distinct  from  both,  although,  like  them,  it  is  an  oily  base,  analogous 
to  ammonia. 

As  wa  rise  higher  in  the  series,  we  shall  find  that  the  number 
of  imide  and  nitryle  bases,  isomeric  with  any  amide  base,  steadily 
Doreases.  The  reason  of  this  is,  tliat,  since  all  these  classes  bavs 
be  same  general  formula  Cn  Iln  +  aN,  so  when  the  number  of  eqa. 
Upf  carbon  increases,  there  must  be  more  ways  of  making  it  up  by 
different  combinations  of  radicals  diifcring  by  2  eqs.  of  carbon, 
or  by  multiiiles  of  two.  And  as,  for  each  of  the  three  cq*.  of 
hydrogen  iu  ammonia,  any  radical  of  the  formula  '.'n  !!•  <-  »  may 
be  substituted,  all  such  combinations  must  yield  Cn  1I«  +  »X  what- 
ever the  amount  of  C  may  be,  so  long  as  nidieaK  of  the  formula 
Cn  IIo  +  I  only  are  used.  When  radicals  of  the  phcnylic  series 
introduced,  this  law  no  longer  holds,  because  in  that  seriM 
^•fbc  formula  of  the  radicals  is  C>  H>  — r ,  and  that  of  the  b«iie« 
formed  by  these  radicals  must  be  Co  Ha — »N,  so  long  as  thcae 
radicals  alone  are  used.  And  of  course,  where  radicals  of  both 
series  replace  the  hydrogen  of  ammonia,  the  formula  must  mry, 
and  cannot  be  reduced  to  a  general  one.  Ethylophonylamine,  for 
example,  which  is  N  H,  Ae  Ph,  is  =  Cie  Hio  N,  while  moUiylo- 
phenylamine,  N  H,  Mo  Ph,  is  Ci»  H«  S.  These  two,  and  othen 
like  tliem,  would  come  under  the  formula  Co  Ho  —  •>( .  But  such 
a  base  as  ethylodiiihenylaminc,  N  Ae  Ph  Ph  =  Cu  Hu  N,  and  its 
congeners,  would  require  the  general  formula  C«  Hn— nN;  and 
dielhylophenylaminc,  N,  Ae  Ae  Ph=C»  Hia  N,  would  come  under 
the  general  formula  Co  Ho  —  iN,  as  would  also  its  congeners.  Dot 
the  general  formula  C>  Hn  +  sN  will,  as  has  been  said  above, 
f  include  all  bases,  whether  amide,  imide,  or  nitryle  bases,  in  which 
the  hydrogen  of  ammonia  is  replaced  by  1,  2,  or  3  equivalents  of 
the  radicals  of  the  methylic  or  cthylic  series,  Cn  H«  +  i.  Triethy- 
lamiae  has  been  described  by  Hofmann. 

There  are  many  other  nitryle  bases,  in  which  2  eqs.  of  hydrogen 
are  replaced  by  one  radical,  and  1  eq.  by  another,  or  all  three  by 
[different  radicals.     Thus  mcthylethylanilinc,  N,  Me,   Ar,  Ph  = 
Ht»  X,  has  Ijcon  obtained,  with  many  others,  by  Uofmaim. 
I  will  be  described  in  their  proper  ploces. 
Thna  it  will  be  wen  that  we  are  acquainted  with  three  dif- 
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9«  Of  substitution  bases,  dprived  from  amtnonia,  and 
aologous  with  it.     If  R  represent  any  oue  mJioal,   then 


L  AiDkio 

K  Bi-r  a. 


Z  tmidal 
N  B  +  R  K. 


S.  NiUrlo  hues . 

N  +  K  R  a. 


AaA  it  X,  Y,  Z,  represont  any  three  rtulicals,  we  bare 

I.  XmU»hvm.  i.  tinlde  buc*.  9    mtrjrlebwcb 

:a»fX{YttZ),      XH  +  XY(orYZorXZ>      N  +  SYZ 

orXXZ 
or  Y  Y  Z,  4«. 


tB«    pol 
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Bttt  enm  this  is  not  all ;  for  Ilofmann,  by  stadying  the  notion 
of  iodida  ^f  mcthyle  on  ammonia,  has  obtained  n  new  base  of  the 
taott  rcnuirkAblo  oomposition  and  properties,  which  is  the  start- 
iag  point  of  a  now  and  very  extensive  serips  of  homologous 
pcmndii  and  mibstitution  products. 
4.  Teiramethiiliiim,  N,  Mp»  =  C«  Hit  N,  is  obtained,  in  combina- 
th  iodine,  when  iodide  of  mcthyle  acts  on  ammonia.  Along 
,  howevrr,  ore  formed  the  iodide  of  ammonium,  and  the 
iodates  of  methylamine,  dimothylamine,  and  (riraethylamino 
(wbieli  last  three  compounds  may  bo  also  called  iodides  of 
BictiiTliiua,  dimcthyliiim,  and  trimethylium).  The  new  oom- 
pomia.  Ift-  timm'ifiium,  cannot  be  obtained  in  the  separate  form, 
butt  1'  lliscs;  and  when  this  suit  is  decomposed  by 

ozUt'  '\»  formed,  along  with  the  iusolubie  iodide  of 

sil^;  oxide  of  tetramethylium,  which  is  soluble, 

■ad  '*'  .  i  in  vacuo,  yields  a  delii^uesoent  crystalline 

Bka,  whicii,  like  imtash,  attracts  carbonic  acid  from  the  air. 
TIm  oxide  is  a  powerful  base,  almost  caustic,  and  bitter.  lU  salt« 
ei7«lalliM.  This  new  base,  which  corresponds  to  hydrated  oxide 
■msoninm,  or  ammonia  plu*  2  eqs.  of  water,  N  Hi ,  JI  0  + 
O,  or  K  H.  O,  n  O,  and  to  hydrate  of  potash,  K  0,  II  O,  has 
tile  characters  of  a  strong  alkali ;  whereas  hydrated  oxide 
onium  docs  not  differ  from  ammonia  and  water.  The  new 
Uivrufdru  no  exact  analogue.  It  belongs  to  u  series  i|uit« 
diatittrt  trnra  that  of  methylamine,  &o.  ;  for  these  all  correspond 
to  ammonia,  while  the  radical  uf  this  base  corresponds  to  ammo- 
nimn.  Triethylamine,  plut  water,  is  a  true  analogue  of  ammonia 
fiit*  water,  but  in  the  new  base  wo  have  new  characters.  It  is 
not  volatile,  Uk»  mrthylomins  and  its  congeners,  which,  like 
•mmonia,  rtftuv  to  yield  the  oxides  or  hydrated  oxides  of  their 
•upiiOMMl  metals.  We  should  expect,  from  the  analogy  with 
MaiDODlk.  tluton  oeparating  the  hydr«t«d  oxide  of  tetramethylium 


ei7«lalli«( 
^^^f  ■msoii 
^fe  O.  or 

^■iLtlU!    ( 
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from  its  8alt«,  it  would  resolve  itself  into  trimethjlamine  ind 
methylio  aloobol,  but  it  does  not ;  it  forms  a  permanent,  non- 
volatile hydrate.  The  foUowiog;  table  shows  the  relatioiu  of  tiu 
base  to  ammonia : — 

N  H>     =  Ammonia  N  Met  ^  MethyUmmonU 

(TrimethjhffiiM) 
N  B<     =  AmmaniDm  N  Met  =  TetramethfUoa 

Nn.O  =  Oxide  of  ditto.  NMetO  =Oxid»  of  ditto 

N  H.O  +  HO  =  njdrat<>dOxideofdo.  NMe«0,  H 0  =  Hydrated OiiJi 

of  ditto. 

This  base  acts  on  metaUio  solutions  like  potash,  and  convert! 
oUa  into  soap  when  boiled  with  them.  The  chloride  of  tetn- 
niethylium  forms  with  the  chlorides  of  mercury,  gold,  and 
platinum,  double  salts  perfectly  analogous  to  those  of  potoiaina 
and  ammonium.    Thus, 

Double  Chloride  of  FUtinnm  and  Ammonittm        =::  N  H>  CI  -)-  Pt  (It . 
Ditto  Ditto  and  Tetr&methylium  =  N  Met  CI  ..(-  Pt  Gt. 

Here,  then,  we  have  a  totally  unexpected  new  series  of  oom- 
poundo,  in  which  the  4  eqs.  of  hydrogen  in  ammonium  ore  all 
replaced  by  methyle  and  its  homologies,  as  well  as  by  other 
radicals,  and  in  these,  the  supposed  metals  oorrcsixjndiag  to 
ammonium,  although  not  yet  known  in  the  separate  stat«,  y«t 
^eld  what  ammonium  does  not,  permanent  hydratcd  oxides.  And 
the  4  eqs,  of  hydrogen  may  be  replaced  by  one,  by  two,  by  three, 
or  by  four  dilTerent  radicals,  as  will  bo  seen  further  on. 

The  best  character  of  the  hydrated  oxides  of  these  homologUM 

of  ammonium  is  that  they  ore  not  volatile,  but  ore  deoompoMd 

by  heat,  and  that  they  are  powerful  bases.     Their  existenoe  la 

to  the  snspicion,  that  there  may  bo  a  hose,  oxide  or  hyd 

Bxide  of  ammonium,  different  from  the  hypothetical  one,  whti 

lis  simply  ammonia  j)lu$  water.     If  such  a  oompound  exist,  it  will 

probably  not  be  volatile  without  decomposition,    and    it    may 

Jfpossibly  be  capable  of  assuming  the  separate  form,  under  intense 

t-Oold,  combined  with  great  pressure.     But  we  must  not  theorise 

far,   nor   allow  ourselves  to  bo  carried  away   by   analogy. 

litherto  the  fourth  atom  of  hydrogen  in  ammonium,  N  Ht ,  or  its 

tide,  N  lU  O,  has  been  regarded  as  being  quite  distinct  from  the 

Erest :  when  nmmouiu,  or  its  salts,  look  up  an  atom  of  water,  the 

rhydrogcn  was  supposed  to  convert  the  ammonia  into  ammonium, 

I  vbicb  then  took  up  the  oxygen  to  form  the  oxide.    It  was  thought 

;  trimethylaniine,  iN,  Met,  in  which  the  3  eqs.  of  hydrogen 
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dc  teplaoed,  w«a  the  limit  of  this  substitatioa,  and  that  we 
have 

N  Hi    +  H  =  Ammciniiun      17  Hi ,  and 


N  Met  +  H  =  Trimetiixlittm  N 


H(hi 

U 


(1  Hm  action  of  trimcthylamine  on  acids  corrc!.pon(ls  exactly 
this  Ticw.     It  takes  up  1  eq.  of  water,  and  forms,  probably, 
oxide  of  trimethyliumNrr"  [  0,  which,  like  oxide  of  ammo- 
niniii,  is  resolved,  when  separated,   into  water  and  trimethy- 

5H.  0       =HO  +  KH. 
H^^jOsHO  +  NMet. 

Tiew,  hydroohlorate  of  methylamine  is  clJoride  of  tri- 

9,  just  OS  bydiochloratc  of  aramoniu  n  chloride  of  am- 

rnoninm  ;  and  sulphate  of  trimcthyhuuino  is  sulphate  of  oxide  of 

,tr"-'<''"'''nm,  as  sulphate  of  ammonia  is  sulphate  of  oxide  of 

J*  we  find  that  the  fourth  eq.  of  hydropcn  can  also  be 

by  methyle,  &c.,  and  that  the  new  metal  X  Me*  is  pro- 

rhiuh    forms   an   oxide  and   a  hydrate    of   totally  new 

{nopeiliu.     Hufmanu   found  it  impossible  to  replace  any  more 

of  Um  bydroigen  in  the  new  body,  showing  that  tbo  true  limit  of 

mbctiUUion  is  ammoniom,  N  11* ,  and  not  ammonia,  N  ILi .     Vet 

wImd  the  fourth  eq.  of  hydrogtn  is  rcploeed,  tlie  base,  which  is 

now  a  hjdratcd  oxide,  loses  the  character  of  volatility  which  it 

had  rvteined  as  long  as  only  3  cqs.  were  replaced.     This  proves 

that  then  ia  a  difiercnoe,  allhoug:h  not  to  the  extent  formerly 

m^l/OMii,  between  the  fourth  eq,  of  hydrogen  in  ammonium  and 

.  aiUior  three.     Probably  the  true  cause  of  the  inetabilitr  of 

of  ammoniiun  and  of   those  anolngous  compounds  wnich 

ham  1  eq.  of  hydrogen,  tlic  fourth,  derived  from  water,  is 

ihih,  thai  tit*  tendency  of  their  1  cq.  of  oxygon  to  form  water 

with  1  eq.  of  bydroeen  is  so  strong  as  to  overturn  the  equilibrium 

•f  tJto  eoiicks ;    whereat,  in  tetramcthylium,  tlic  ulKnity  of  the 

I  fur  the  fourtii  atom  of  methyle  is  not  suiHcient  tu  do  tliis. 

have  dwelt  numewhut  fully  on  these  new  compounds,  not 

lil  their  iudi\iilual  properties,  which  our  space  forbids,  but 

|ilain    tile   imiMrtalit  general    laws  which    regulate  their 

'!  which  have  an  important  bearing  on  the  theory 

I  of  natural  organic  bases.     The  reader  will  bear 

have  four  ncries  of  bases  derived  from  ammonia 

ammwniiun;    three   uf  which    ore   volatile   like   ammunia, 
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namely,  the  amide,  imide,  and  nitrylr  bosea,  while  the  fourth  is 
not  Tolutile  W'itliuut  docompoaition ;  these  are  called  amniouium 
bates.  It  was  neoes&ary  here  to  explain  their  nature  ;  but  w« 
shall  rctnm  to  the  general  oonaiderationa  under  the  he«d  of 
organic  bases. 

Zineomelhylt,  Ct  Hs  Zn.     When  iodide  of  methyle  is  heated  ^ 
along  with  zino  in  a  sealed  tube,  a  white  or}'fct«lline  product  is  fl 
obtained.     When  tliis  product  is  distilled  in  an   atmosi>heT«  of  ^ 
hydrogeu,  it  yields  a  volatile  liquid  of  a  very  fetid  smell,  the 
Tajwura  of  which  ore  very  poisonous.    It  takes  fire  spontaneously 
on  contact  with  the  air,  and  bums  with  a  bright  gnxtuish  bloc 
flame,  de[iositing  a  large  quantity  of   zino  and  oxide  of  zinc. 
This  is  zincomethyle,  apparently  a  now  radical.     It  waa  disco- 
vered by  Frauklond.     In  contact  with  water,  it  is  decomposed 
with  ignition,  yielding  oxide  of  zinc,  and  bydurct  of  methyl* 
(marsh-gas),  Ci  Uj  Zn  +  H  0  =  Zn  0  +  (Ci  Ha ,  H). 

It  would  apjvor  that  tin,  and  probably  also,  bismuth,  forms  a 
similar  radical,  but  of  these  hardly  anything  is  yet  known. 

Stihiomelhyh;  C«  II» ,  Sb  =  Sb  Mea .  This  comiKiund  is  formed 
when  iodide  of  melhyle  is  heated  with  on  alloy  of  potoasiom  and 
antimony.  It  is  a  volatile  liquid  of  an  offensive  odour,  sponta- 
neously inflammable  in  air,  insoluble  in  water,  soluble  in  alcohol 
and  ether.  It  is  a  compound  radical  of  very  powerful  affinities, 
combining  energetically  with  the  elementary  bodies.  It  takes 
up  2  c<{s.  of  oxygen,  chlorine,  &o.,  and  its  oxide  is  baaie 
(Lnndolt],  The  corresponding  ethyle  radical  and  its  oompoonda 
will  be  described  farther  on. 

SMiomel/iylium,  Cs  Hii  Sb :=  Sb  Mot.  According  to  Londolt, 
when  iodide  of  raethyle  is  added  to  stibiomcthyle,  there  b 
formed  the  cr^-stalliuu  iodide  of  a  compound  rodiin},  analogooi 
to  ammonium,  which  ho  hence  calls  stibiomethvlium.  Sb 
Mes -I- Mel  =  SbM4,I. 

By  the  action  of  oxide  of  silver  on  this  iodide,  the  oxide 
is  formed.  Sb  Me*  I  +  Ag  0  =  Ag  I  +  Sb  Me>«  0.  This  is 
obtained  as  a  hydrate,  in  the  form  of  a  white  crystalline  maae, 
Sb  Met  0,  II  i),  which  iu  alkaline  characters  may  be  compared  to 
oaoslio  potash.  It  may  be  volatilised  by  careful  healing,  but  if 
suddenly  heated  is  decomposed,  yielding  vapours  which  take  fire 
a|>ontaneously.  It  forms,  with  acids,  salts  which  are  anilogou* 
to,  and  isomorphous  with,  those  of  oxides  of  potassium  and 
ommunium. 

Some  very  remarkable  compounds  are  known,  in  which  arsenic, 
nnd  arsenic  ami  platinum  ore  combined  with  methyle.  We  shall 
now  mention  these. 

When  acetate  of  potash  is  heated  along  with  arseniotis 
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RiLrkable  liquid  is  obtained,  whioh  is  tho  oxide  of  a 
[■radical.     This  liquid,  wliicU  is  fponUiiieously  iufiaiumable, 
rtias  a  most  ofl'ensive  alliaceous  smeU,  has  been  long  known 
in  aa  impure  6tiit«,  under  the  names  of  the  liquor  of  Cadet,  and 
mikarsuig,     Bunfl«n,  by  a  long  series  of  the  most  profound  and 
vering  rcsoarefaes,  established  its  true  character  as  the  oxide 
radical  kakuJyh.     lie    has    even  sucoeoded  in  obtaining 
adiriil  itself  in  the  separate-  state,  and  in  establishing  the 
uolugy  between  that  radical  and  a  metal,  in  all  its 
:.>n*. 
'Eak^iiiyLe,  C'»  Ha  As  :=  As  Moi.     The  radical  is  best  obtained 
from  t>i'    c'1i!.jriJi<  of  kakodyle,  Kd  CI,  by  the  action  of  zinc  at 
f2rJ  ^e  of  ziuc  is  formt-d,  and  kukodyle  is  set  free.     It 

\  on    apparatus  liUed  with   carbonic  acid  gas,    to 
[decomposition.      It  is  a  clear  liquid,  refracting   light 
"When  cooled,  it  crystallises  in  largo   square  prisms, 
and  acquires,  when  pure,  the   appearance  of  ice.     Its  smell  is 
inso])pottably  oUensive,  and  its  vapour  is  highly  poisonous.     The 
I  two  lattvr  characters  belong  to  all  the  compounds  of  kakodyle, 
with  hardly  an  exception.      Kokodyle  is  spontaneously  inflam- 
I  mablc  in  tlie  air ;  a  rod  moistened  with  it  instantly  takes  fire 
I  to  ttie  air.      It  forms   two   distinct  oxides:   the 
l^t'  <  >  (alkaraine),  and  kokodylio  acid,  Kd  0> . 

''Xlkk'-'J}  ie  may  be  viewed,  either  as  a  compound  radical,  acting 
M  ui  cUaacnt,  or  as  a  coupled  compound,  Uie  ulHuitius  of  whioh 
AlfeaA  «a  one  part,  the  other  being  merely  a  copula.  Kolbe 
nipuds  it  as  arsenic,  ooupled  with  methylo,  the  latter  not 
■flMiting  the  afliDities  of  the  metoL  But  since  arsenic  always 
UkM  3  and  6  eqs.  of  the  elements,  while  oil  tbe  compounds  of 
Icakodyle  except  kukodylio  acid,  take  only  1  eq,,  it  is  more 
proliabls  that  tlic  aotive  part  of  the  compound  is  1  eq.  mctlirle, 
Mr,  eiraiJvl  with  Me  As.  Its  formula  will  then  be  (Me  As)  Ue, 
L  iU  oxides  will  convspoud  to  those  of  manganese,  thus, 


HaO  ProUuLide. 
MnOiAciJ. 


(Me  As)  Me,  0  Protoxide. 
(Mc  As)  Me,  Oa  Acid. 


The  chloride,  bromide,  iodide,  sulphuret,  &c.,  correspond  perfectly 
with  those  of  manganese,  but  not  witli  tbusc  of  arsenic. 

Oxid€  of  Kakoilylt,     As  Met  0  =  Kd  O.     This  la  the  chief 

of  the  liquor  of   Cadet ;    it  is  puriUcd  by    repeated 

ona  in  an  atinosphero  of  carbonic  acid,  and  is,  when 

"limpid  ethereal   liquid,  refracting  light  powerfully  ;    it 

boiU  at  about  SOU',  and  at^-U*  it  crystallises  in  wliitt^  scales  of  a 
oy  luktrc.     Its  smell  is  moat  offcnsire,  and  it«  taste  very 
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nauseous.  If  pInc<Ml  on  the  akin  it  causes  riolent  itehing,  Uid 
if  tAken  internally  it  is  a  most  energetic  poison.  It  is  sparinglj 
soluble  in  water,  more  soluble  in  alcohol  and  ether.  Like  kako- 
dylc,  it  takes  lire  when  exposed  to  the  air.  When  left  under 
water,  it  gradually  disappears,  being  for  the  most  part  lonverted 
into  kakodylio  acid.  The  production  of  oxide  of  kakodyle  ia 
very  simple  :  2  oqs.  dry  acetic  acid  and  1  eq.  arscnious  acid  jield 
4  eqs.  carbonic  acid  and  1  eq.  oxido  of  kakodyle.  2  (C*  Hi  0> ) 
+  As  Oi  =  4  C  0»  +  C*  H.  As  0. 

Kakwlylic  aciil,  Kd  Oj  .  Formed  by  the  gradual  oxidation  of 
the  protoxide,  under  water.  It  forms  oblique  four-siiled  prisms, 
brittle,  and  of  a  glassy  lustre.  They  have  no  smell,  and  ate 
soluble  in  water  and  alcohoL  Its  salts  do  not  crystalliao.  Uany 
reducing  agents  convert  it  into  the  protoxide  by  removing  2  eq*. 
of  oxygen.     It  ia  not  in  the  least  poisonous. 

There  appears  to  bo  an  intermediate  oxide,  Kd  Oi ;  bat  it  has 
not  been  obtained  iu  a  state  of  purity. 

Chloride  uf  Kithxh/lf,  Kd  CI  ='C*  H«  As,  CI,  =  Kd  CI,  is 
obtained  by  heating  a  compound  of  oxide  of  kakodyle  sad 
corrosive  sublimate  along  with  hydrochloric  acid  :  Kd  0,  Ilg 
Cli  +  H  CI  =  Kd  CI  +  H  O  +  Hg  Ch .  It  ia  a  volatUe,  horribly 
fetid  liquid,  the  vapour  of  which  attacks  strongly  the  lining 
membrane  of  the  nose,  and  provoker  a  flow  of  tears.  When 
exposed  to  the  air,  it  de|>0Bit9  crystals  of  an  oxyohlorid*  of 
kakodyle,  Kd  O  -f  3  Kd  CI.  Tlie  iodide,  bromide,  and  fluoride 
of  kakodyle,  are  in  all  points  analogous  to  the  chloride ;  and 
form,  when  exposed  to  the  air,  oxyiodide,  oxybroraide,  &c. 

Sulphur  forms  with  kakodyle  tliree  compounds  ;  the  protitttU- 
phuret,  Kd  S,  is  obtained  by  distilling  chloride  of  kakodyle  witfc 
hydrosulphuret  of  sulphuret  of  barium  :  Kd  CI  4-  Ba  8s  II  S  =r 
Kd  8  +  Da  CI  +  U  8.  It  is  a  clear,  volatile,  very  fetid  liquid, 
heavier  than  water.  It  dissolves  sulphur,  forminc  the  bimtlyhurtl 
Ed  Si ,  which  is  a  very  permanent  compound.  The  pernUjilmttl, 
Ed  8a,  is  a  sulphur  acid,  and  forms  sulphur  salts,  which  ore  Ttory 
permanent,  with  the  sulphurcta  of  highly  basic  metals.  Th« 
sulphur  salt  of  kakodyle  and  lead,  Pb  8,  Kd  89 ,  oryslallicM 
beautifully. 

CSjaniilf  of  Kahxli/le,  Kd  Cy  =  C»  He  At,  Ct  N,  is  formed  by 
distilling  bioyauide  of  mercury  with  water  and  oxide  of  kakodyle. 
"When  pure,  it  forms  large  brilliant  crystals,  verj'  fusible  and 
volatile.  The  va|>our  of  this  compound  is  so  poisonoua  as  to  be 
in  the  hij>;hest  dcffreo  dongcrous  to  the  experimenter. 

KakopUilytf,  Kd,  Pt  O,  H  O.  This  radical  is  not  yet  knows 
in  a  separate  form,  and  it  would  seem  probable  that  the  furmaU 
here  given  is  mthor  that  of  an  oxide,  possibly  of  a  hydrated 
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f  it  bo  the  radical,  it  contain*  the  elements  nf  kakoilyle, 
or  platinum,  uul  water.  It  is,  in  all  probability,  a 
•oMcirlut  eoniplex  coupled  compound,  in  which,  perhaps,  from 
the  affect  of  its  salla,  platinum  is  the  active  element. 

CUoridr  »/  Kakojitati/U,  Ct  Hr  As  Pi  Oi,  CI.     This  compound 

'^i»  fonaal  when  an  alcoholic  8o1uUi>n  of  bichloride  of  platinum 

U  aniil'^  tu   a  similar  solution  of  chloride  of  kakodyle,  when  a 

rt)dilUh-brown  precipitate  i»  formed,  which,  being  boiled  with 

water,  g'iTO*  a  »olution  from  which,  on  cooling,  needles  of  tho 

^■MW  ooaipoand  arc  deposited.     limmiilK  of  kakojilntyle  and  iodido 

|«f  lujeoftlotylc  may  be  formed  from  the  chloride,  and  are  anolo- 

gom  to  it.      The  former  appears  in  large  yellow  crystals,  the 

latter  la  ^Iden  micaceous  scales. 

WbM  the  chloride  ia  acttid  on  by  snlphato  of  silver,  there  is 
obtatord,  aloni^  with  chloride  of  silver,  tlui  «ulphut<.<  of  tlie 
oxid»  of  kakopUtyle,  C  Ut  As  Pt  0,,  SOs.  It  forms  white 
crjvtallina  gniru.     The  compounds  described  are  : — 


iiili;dn>iu 
.1 

I  8ri|kal«v  hjrdrslcd 


PtO. +  Ka  +  HO  =  C.H>AsrtO. 
It  0,  KJ  +  CI 

Pt  o,  K.I  -f  a  -f  n  0 

Pl  O.  Kd  i-  Cl  +  N  H» 
Pt  0,  Kd  +  (.)   +  H  U 
(PtO,  Kd  +  0,  HO)  +  SO,. 


It  ia  to  bv  particularly  borne  in  mind  that  this  radical,  whose 
\^yi,  .  1,  .►.,  t. .  ;.  ,|njte  obvious,  contains  two  metals,  arsenic  and 
(Ja:  '-ign,  iu  general,  to  organic  oomjiounds.     But 

it  I  '-red  as  ha>iug  yet  been  fully  investigated. 

'1  kako<lyle  itself,  and  the  perieot  analogy  which  j 

fluy  I"  ir.ii  c'l  iM  iMt'cn  it  and  the  simple  metals,  in  their  relations  j 
to  all  tAhrj  sutuitanccs,  render  the  results  of  the  reitcarchcs  ot| 
Bimaeti,  which  hove  b<'cn  so  very  briefly  described  in  this  work, 
of  iLa  very  highest  Lmportance  to  the  theory  of  org:nDic  com- 
fNoada,  And  ea{>ecially  tu  that  uf  compound  radicohi.  Eukodyle 
WM  tb«  firnt  eU-ctro-positivo  i-ulioal  ever  isolated  ;  hut  the  pro- 
y »■  of  diacoTcry  baa  mode  known  a  large  and  increasing  number 
of  Mwh  radionU. 

Mtth)  ■nu. — It  will  bo  remembered  that  pho»«J 

flnuvtt"  ■    Hi,    it    in  some  respects  analogous 

IBUDdoia,  all'  i'(ie«,     Paul  Thrnord  hax  shov 

that  tLora  •■"  of  phosphorus  and  hydiogon,' 

Iiaaa«Ijr,  P>ti,  i'  Ji>,  nmi  P  11>.  The  snme  chemist  has  obtained 
new  baacs,  in  whirh  thr.  hydrogen  of  these  comjx/unds  is  replaced 
lijr  aaUiyia.    Thua,  we  havs 
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P.H 
P  Hi 

P  H 

H 

P  U 

H 


and 
and 


PiHe     =C>H>Pi 
P  Mm    =04n.P 


and  P 


CHtP 


aud 


McJ 

I  =c<.a. 


Me 

P  Me 

Ma 


The  compound  P  Mei  =  C4  Ha  P  is  a  liquid  of  a  most  incapport- 
ably  fetid  smell,  and  very  {loisonous,  obviously  correspondiu^  t*] 
kakodyle,  C'-t  Ha  As,  It  is  spontaneously  ioilamniablc,  but  when' 
slowly  oxidised  yields  a  cn-stulline  acid  ])roduct  not  yet  ezanuii«L 
It  combints  with  1  eq.  of  hydrochloric  acid  to  form  a  very  alabl« 
crystallisablo  salt.  With  two  equivalents  of  the  acid,  it  yields  a 
liquid  compound  of  little  stability  ;  and  when  acted  on  by  oxom* 
of  the  acid,  it  yields  the  hydroohlorate  of  the  base  P  Mea ,  and 
the  oom]>ound  Pi  Me. 

The  first  hydroohlorate,  P  H.  Me,  H  CI,  when  be«tcd  with 
water,  yields  an  acid  liquid,  and  a  new  gas,  which  appears  to  be 
basic,  but  when  oxidised  is  converted  into  another  acid.  This  gas 
appears  to  be  P  Hi  Me.  h 

The  body  Pi  Mo,  is  a  yellow  solid,  insoluble  in  water:  but  thaH 
compound  P  Itlcs  is  a  [wwerful   base,  not  spontaneously  inflani' 
mable,  which  by  absorbing  oxygen  yields  a  new  acid  product. 

It  will  be  seen  that  there  is  opened  up  here,  as  well  as  in  tlis 
preceding  section  of  those  compounds  in  which  metals  are  add«d 
to  methylc,  &c.,  a  new  and  extensive  field  of  discovery.  It  cannot 
bo  doubted  that  many  other  radicals  may  be  substituted  for 
methyle,  and  in  all  varieties  of  proportion,  or  that  other  bodies 
will  be  found  to  play  the  same  part,  as  zinc,  autimouy,  arsenio, 
and  phosphorus.  Indeed,  tellurium,  tin  and  meroui^,  km 
already  known  to  do  so. 


PB0DrCT8  Of  THE  OIIDATIOW   OF 
MKTHTLE, 


BTDRATSO  OXIDB  Of 


I 


When  hydrutcd  oxide  of  methyle  is  oxidised  bjr  means  of 
platinum  powder,  it  is  finally  converted  into  pure  formic  acid,  a 
There  is  evidently,  therefore,  the  same  relation  between  me-  ^ 
tbyle  and  formic  acid,  as  between  ethyle  and  acetic  acid ; 
and  on  comparing  the  formulaj  of  pyroxUic  spirit  and  of 
formic  acid,  C.  H»  0,  H  0,  and  C«  H  0» ,  II  0,  wc  peroeive  that  the 
former,  to  be  converted  iuto  the  latter,  must  have  lost  2  cqs.  of 
hydrogen,  and  taken  up  2  eq.  of  oxygon.    This  is  exactly  what 


^ 
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plaM  with  aloohol,  and  there  can  be  no  doubt  that  the 

pjTQzilia  tpirit  yields  an  intermediate  compound,  exactly  auolo- 

g^at  to  aldehydo,  although  tliis  has  not  yet  been  isolated.    Such  a 

eompound  would  be  the  hydrated  protoxide  of  n  derived   radical 

Jbrmjflf,  analogous  to  aoetyle,  of  which  formic  acid  is  the  hydrated 

patoxide  ;  and  its  formula  would  be  (Ci  H)  0  +  H  0.     We  shall, 

tbcfcfbre,  assume  the  existence  of  this  radical,  and  proceed  to  de- 

leribeits  compounds,  which  are  quite  analo^us  to  those  of  ncetyle. 

Fomtytt,  Ci  H  =  Fo.     This  radical  is  unknown  in  a  separate 

fo*lD,   M   are   its  prot/>zide    and    deutoxide,    corresponding    to 

■Idabyde  and   aldehydio   acid.      But  when    hydrated  oxide  of 

I  iiR-tkylc   is  distilled  with   sulphuric  acid,  water,   and  peroxide 

of  manf^nese,  a  vuhitile  liquid  ia  obtained,  which  is  a  mixture 

of  formiata    of    oxide   of  methyle,   and    another    liquid   culled 

mcliiylal.     When  purified  this  latter  has  the  formula  Cn  H«  0< , 

wMob  indicates,  that  it  is  composed  of  C>  H  0,  H  0,  or  hydrated 

oxide  of  formyle,  and  2  eqs.  of  oxide  of  methyle,  2  (C<  IIi  0).  This 

eonpouud,  briedy,  Fo  0,  H  0  +  2  Me  0,  corresponds  to  acetal  in 

tlic  aerie*  of  etliyle ;  acetal  being  Ac  0,  H  0  +  Ae  0. 

Although  not  yet  known  in  the  separate  form,  as  methyle  is, 
jal  the  existence  of  foniiyle  may  be  assumed,  as  a  means  of 
daaai^n^  a  number  of  facts.  It  will  be  observed  that  formyle, 
:  Oa  B,  it  methyle,  CiU»,  minut  2  eqs.  of  hydrogen.  Formyle 
I  is  tluntoiv  regariicd  as  a  derived  radical,  derived  from  methyle 
l>y  the  action  of  oxygen,  which  removes  2  e<is.  of  hydrogen  ; 
and  it  ia  the  starting-i>oint  of  a  series  of  such  derived  radicals, 
di&ring  from  those  of  the  methyle  series  by  containing  2 
•qa.  of  bydrog«o  less.  These  derived  radicals  (see  column  4 
•f  tlM  ta^la  of  homologous  compounds)  are  distinguished  by 
fanBtog  hydrated  protoxides  or  aldehydes  (column  6)  and  ter- 
uUm.  whiuU  flix-  strong  acids,  the  volatile  acids,  Co  Ho  0* 
•f  aoltimn  U.  The  pro[icrties  of  the  aldehydes  will  be  detailed 
odar  icetyle,  Uoause  the  hydrated  oxide  of  formyle  is  hardly 
kaowB.  liat  fonuio  acid  is  the  ('tartiug-|x>iut  of  the  re- 
mariiabla  aeries  of  homologous  volatile  acids,  and  on  tbia 
aoeoont  deserves  particular  attention.  It  will  be  seen  tliat 
the  two  first  adds  of  this  series  are  very  powerful,  and,  although 

Js,  not  at  all  oily  ;  these  are  formic  and  acetic  acids.     liut, 
quantity  of   carbon  and  hydrogen  increases,    the  acids, 

no  by  degrees  less  powerful,  and  acquire  the  charaoler  of 
<>ila,  and  finally  of  futa.  The  third  in  the  scale  is  slightly  oily, 
and  l*s»  solubli;  in  watur  than  tlia  two  first.  This  u  propylio  acid , 
C»U«  (►«.  The  fourth,  butyric  acid,  C»H«04,  is  morn  oily  and 
•tin  Uaa  tolnble ;  the  fifth,  valerianic  acid,  ('lo  11  lo  O. ,  is  hanlly 
s,  and  Tcr)-  oily,  and  the  acid  willi  20  ei^a.  of  c&tbon,  ca\ir'vi 
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acid,  is  a  solid  fat  at  ordinary  temperatures,  aa  are  all  above  it  ia 
the  scnle.     AnoUicr  chora^^tcr  of  the  radicals  of  the  foriuylo  s^riM* 
is  that  of  forraiDs;  t<>rohloride9,  the  first  of  whicli,  tcrchlorid«  of  j 
formylc,  or  cliloroform,  has  very  valuable  properties.     Pcrbo 
other  compounds,  homolo^^ous  with  chloroform,  may  ako  be  fau 
nseful  when  they  shall  have  been  studied. 

PormioAdd.     C.  H  0.,  H  0=Po  Oa,  H  O. 

This  remarkable  acid  occurs  in  the  red  ant,  Fonniea  rufa^ 
maybe  obtained,  in  a  diluU-d  and  impure  state,  by  iufiisln){< 
insects  in  water.     Its  production  from  pyroxilic  sjiiiit  ha«| 
described  above.  It  may  also  be  prepared  by  distillin;?  a  mixt 
starch  or  sugror  with  peroxide  of  manganese,  water,  and  sulp 
acid  ;  and  it  is  formed  under  a  great  variety  of  circumstances  1 
many   organic    cum|>ounds,    especially  when  tlitir  oxidatiun 
oorried  to  a  point  somewhat  short  of  completo  oxidation,  the  for- 
mula of  this  acid  being  veni'  simple,  and  appruaching  nearly  ' 
that  of  carbonic  acid,  the  ultimate  product  of  the  oxidation  < 
tiicir  carbon. 

To  prepare  the  hydratcd  acid  pure  and  concentrated,  the  dryj 
formiute  of  lead,  Pb  0,  Fo  0>,  is  decomposed  by  Mi1phiut'tt«4] 
hydrogen  gas,  and  the  vapour  of  the  formic  acid  condensed  in  a| 
well-cooled  receiver.     It  is  boiled  for  a  few  moments  to  expel] 
any  sulphuretted  hydrogen.     It  is  a  dear  liquid  of  !Sp.  0.  1'230,| 
fuming  slightly,  and  has  a  very  pungent  acid  smell.     Ileluw  ZV\ 
it  cni'staUises  in  brilliant  scales.     It  boils  at  212°,  and  i 
is  inHommable,  burning  with  a  blue  iLune.     This   i.x 
owing  to  tlie  formation  of  carbonic  oxide,  for  the  acid  l'^  U  0», 
II  0,  contains  the  elements  of  2  cqs.  carbonic  oxide,  Ct  0|,  aad 
2  cqs.  of  water,  Hi  Oi.  ^H 

With   I   er|.  of  water  it  forms  the  second  hydrate,  Fo  Ok  *^^| 
2  n  0,  which  much  resembles  the  first  in  properties.     Its  boiling 
point  is  221°,  and  its  Sp.  0.  is  MIO. 

Both  these  hydrates  are  highly  corrosive  ;  a  drop  of  either  ua  j 
any  delicate  ]iortion  of  the  skin  causes   a  severe   bum,  vkhicb 
blisters,  suppurates,  and   is  very  painful  and  difficult  to  hotl. 
In  tlii.'<  respect,  the  formic  acid  can  only  be  compared  to  hydro- 
fluoric and  hydmted  cyanic  acids. 

A  weaker  ncid  is  obtained  by  distilling  formiatc  of  aodo,  lime, 
or  lead,  with  sulphuric  acid,  previou-sly  dilutid  with   half  its  | 
weight  of  water.     Ten  parts  of  formiatc  of  lime,  6  of  oil  of  vitriol, , 
and  4  of  water,  yield  9  of  formic  acid,  of  8p.  0.  1-075. 

The  salts  of  the  ncid  aro  l>e»t  prepared  from  the  weak   aad 
imptuw  ncid    obtained  by  distilling  a  mixture  of  10   porta   of 
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t  *f  peroxide  of  maQgranese,  30  of  oil  of  vitriol,  and  aO 

"Thcjc  materiaU  yiuld  3*35  imrte  of  formic  auid,  Biioh 

parts  neutralise  16  of  dry  carlionate   of  soda.     From 

_  dd,  thi:  formiate  of  lead  may  be  easilr  prepared  and  purificKi ; 

I  from  it,  by  the  addition  of  carbonate  of  aoda,  formiate  of  soda 

af  be  obtained. 

Formic  acid  is  easily  reoognised  by  the  action  of  sulphuric 

»ctd,   whicli   decomposes,  wi^out  blaokeuing,  both  it   and   its 

,  oaaatsg  the  disengagement  of  pure  carbonic  oxide.     It  also 

ndaee*  the  oxides  of  all  the  noble  metals,  and  is  itself  oxidised 

into  evbonio  acid.     Formic  acid  not  only  reduces  the  oxides,  but 

a,  in  aunt  cases,  the  soluble  salts,  of  the  noble  metals.     1  eq, 

Ifurmie  arad    nan  reduce  'i  eqa.  of  a  protoxide,  such  as  that  of 

'  '^>  +  C,  H  Oa  =  AgM  +  H  0  +  2  C  Oi ;   or  1  eq. 

such  as  that  of  mercury ;    Hg  Oi  -f-  Ct  H  Os  ^ 

T-  2  CO.. 

Fonnia  acid  is  a  very  powerful  acid,  and  forms  salts  with  bases, 

1  ot  which  ore  soluble.  They  are  generally  similar  to  the  acetates ; 

|Lat  yet  qnitr  distinct.     Many  metallic  fonuiates,  when  heated  in 

are  off  earbonio  acid  and  carbonic  oxide,  leaving  the 

It  others  give  oft"  carbonic  oxide,  leaving  the  oxide. 

iCto/ammunia,  N  H»  0,  Ci  HOs,  contains  the  elements 

hjilweyanic  acid  and  water,   C«  N  H  +  4  H  0 ;  and  is  eon- 

faito  thusc  compounds  when  its  vapour  is  passed  through 

a  rad-hot  lube.     Frirmuile  vf  ozide  of  ith/le,  prepared  like  the 

•eetale,  b  »  ■  'icreal  liquid,   with  a  peculiar  aromatic 

■■•IL     Till-  c  '  ,^  Halt  of  oxide  of  mcthyle  is  quite  ana- 

logOBS.     7'/    ...;  r  uf  jjutath  is  very  deliquescent.     Furmiatt  of 

ttd*  la  •!>"  ^  -i\  ^  iluble,  bat  may  be  obtuiuL-d  in  crystals.     It  is 

1  viry  powwful  reducing  agent,  both  in  a  moist  and  dry  way. 

|Io  tli«  fcraer,  it  nrducvs  the  noble  metabt ;  in  the  latter,  at  a  red 

liwt,  by  virtue  of  tlui  carbonic  oxide  it  gives  off,  it  reduces  most 

«f  tb«  reducible  metals,  such  as  lead,  copper,  antimony,  arsenic, 

OoImII,  niokcl,  &c.     FormiaU  of  lead  is  sparingly  soluble  in  cold 

VMltf,  Bod  1*  therefore  easily  puritied,   and   serves  to    prepare 

temJe   acid    and    formiate   of  soda.     FormiaU  of  deutoride   of 

mmtrtuty  and /"riniutw  (f  protoxide  of  mercury  both  exist.     When 

1  ozU*  of  mercury  is  dissolved  in  cold  formic  acid,  the  former 

'ult  ■    --   '     -il;   but  the  slightest  heat  causes  an  effenroscenoe, 

whi:  uf  the  protoxide  is  deposited  iu  silvery  scales  liko 

the  BAXuiio,     i'heao,  when  warmed,  are  decomposed  with  elfer* 

I  and  depocition  of  metallic  mercury.     FormiaU  of  til var 

kblaa  tb«  aoctotc  ;  but  is  Tcry  easily  decomposed  by  beat,  the 

nvtal  Ma(  ndooed. 
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COMPOUNDS  OP  FOEKTLE  WITH  CEIX>KrKK,  ETC. 

When  ohlorine  or  hypoolilorites  act  on  oxide  of  methyle, 
hydrated  oxide  uf  methyle,  and  cliloride  of  mothyle,  a  great 
variety  of  new  compounds  are  produced,  corresjionding  in  moit 

I  oases  to  the  compounds  obtained  by  the  action  of  chlorine.  Sic, 
on  alcohol,  ether,  and  ohlorido  of  etbyle.  Our  space  furbida  ui 
to  give  the  details  of  these  decompositions  ;  but  we  may  mention 
that  two  of  tlie  compounds  formed  by  the  action  of  chlorine  on 
the  compounds  of  ethylo  and  acetyle,  maj*  be  viewed  as  proto- 
chloride  and  bichloride  offormyle.  These  are  C«  Ht  Cli  =  2  (Ci  H, 
CI) ;  and  C.  H,  CU  =2  (  C,  H,  CI, ). 

But  the  pcrohloride  or  terohloride  of  formyle  is  certainly  known, 
and  has  of  lute,  us  chloroform,  acquired  a  hi^h  practical  value. 

Turchhride  of  formyk.  Svs.  Chloroform.  C»  H  Cli  =  Fo 
Clt .  This  comjiound  is  best  obtained  by  distilling  pure  aloohol 
with  water  and  bleaching  powder.  The  product  is  well  washed 
with  waU-r  and  rectiiicd,  after  being  agitated  fur  a  short  time 
with  oil  of  vitriol,  which  removes  traces  of  water  and  destroys 
certain  oils  which  are  usually  present  in  small  quantity.  Th« 
rectified  chloroform  should  have  the  Sp.  0.  1"49  to  1-M,  and 
should  not  colour  oil  of  vitriol  when  shaken  with  it,  unless  to  A 
very  trifling  extent.     If  it  colours  the  acid  strongly,  or  if,  when 

-  evaporated,  on  the  hand,  it  leaves  an  unpleasant  odour,  it  is  not 
fit  for  use,  and  must  bo  again  washed  and  reotilied.  It  may  be 
prepared  also  irom  pure  pyroxilic  spirit,  but  alcohol  yields 
it  purer. 

Chloroform  is  a  transparent,  colourless,  volatile  liquid,  of  Sp. 
0.  I'S  :  it  has  a  peculiar  heavy  sweetish  smell,  and  when  inhalcil 

from  the  hand,  from  a  sponge,  or  handkerchief,  soon  produw  

inBcnsibility  to  pain,  and  indeed  a  sort  of  coma.  But  if  ^^^| 
sparingly  or  timidly  applied,  the  oifect  often  stops  at  the  stagol^ 
excitement,  similar  to  that  produced  by  inhaling  the  uitroiu 
oxide,  which  latter,  being  a  gas,  cannot  conveniently  be  adminis- 

rtered  in  a  fuU  dose,  since  one  of  its  first  effects  it  to  relax  the 
muscles  of  the  mouth  which  grasp  the  tube,  and  thus  admit  air. 
But  chloroform  may  be  held  near  the  mouth  on  a  handkeT«hi«f,  or 
•.  sponge,  and  so  much  given  as  to  carry  the  patient  beyond  the 

[■tage  of  excitement  into  that  of  coma  and  entire  insensibility 

[to  pain. 

For  the  introduction  of  this  valuable  remedy  wo  are  indebted 
to  Dr.  Simpson,  and  although  ether,  benzole,  and  many  othor 
liquids  can  produce  insensibility  to  pain,  ohlnrofurm  is  of  all  th« 
most  powerful,  as  well  as  the  most  manageable.     Of  course  great 
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miut   be   taken  to  ensure  its  purity,   for  the  oils  which 
DpAny  it  when  first   formed   arc   very   deleterious,  and   in 
'.  one  person  should  do  nothing  but  watoh  the 
PbImb:  !ion  of  the  patient,  and  remore  the  ohloroform 

if  neeoksury.  \\  itb  due  prt-caution,  ohloroform  i^  very  safe  ;  and 
thb  ptcoaution  will  prevent  its  being  used  in  coses  where  ita 
nw  i*  eontra-indicatc-d  by  disease  of  the  heart,  or  by  markfd 
tcadeney  to  apoplexy.  In  proof  of  its  safety,  it  mny  be  men- 
tiaasd  tiiat  in  Edinburgh,  where  it  must  now  have  been  used  in 
many  more  than  lOO.UUO  cases,  no  instance  of  a  fatal  result  haa 
OMomd.  Deaths  have  occurred  elsewhere,  but  it  is  probable 
mUmt  that  the  rtJoroform  was  not  pure,  or  that  it  was  used  in 
unfit  for  it,  or  finally,  that  due  care  was  not  taken  to 
an  overdose.  That  all  these  things  con  be  avoided  ia 
kby  tile  results  of  tlte  Edinburgh  practice. 

been  found,  of  late,  that  although  chloroform  may  be 

obtained  which  is  quite  permanent  under  ordinary  circumstances, 

^Mfor  I  have  some  which  I  made  more  than  ten  years  ago  which  is 

^■I  quite  unaltered — yet  it  often,  perhaps  generally,  happens, 

HbI  expoaore  to  the  direct  rays  of  tiio  sun,  or  even  to  strong 

Aiflbstd  daylight,  causes  a  deooraiiosition,  by  which  chlorine  is  set 

fre*.  the  liquid  becomes  yellowish,  and  it  acquires  of  course  the 

■oflbcatlng  nmell  of  chlorine,  so  that  it  cannot  be  used  for  iuhala- 

^|pB.     It  is  probable  that  this  de^icnds  on  the  purity  of  tlie 

^Kloroform,  for  I  tiavc  found   that  thost-  portions   which  I  had 

ponHed  with  tho  greatest  ooro  were  the  soonest  decomposed  by 

■onlight.     It  may,  however,  alao  depend  on  the  presence  of  traces 

^snbstonocs  used  in  purifying  it,  which  may  promote  dccom- 
ition ;  Iboogb,  in  the  case  of  pmasio  acid,  we  find  that  a 
Inee  of  sulphuric  rather  has  the  effect  of  rendering  it  more 
pcmaavnt. 

Xhia  point  ii  not  yet  cleared  up,  but,  however  it  may  be,  it  is 
t»*J  topvtMrre  chloroform  unchanged,  by  keeping  it  in  a  rather 
dark  pUee,  or  by  storing  it,  either  in  bottles  of  dark -coloured 
,  or  in  bottles  covered  with  dark  paper.  Even  in  dear  glass, 
r,  it  nsnally  keeps  well  in  the  ordinary  light  of  a  room  into 
I  tlie  sun  does  not  directly  shine. 

been  doubted  whether  the  protoxide  of  nitrogen  oan 
if.K.-jwil.ility  to  pain,  and  whether  ita  action  resemblei 
t!  :  lu.     I  can  only  state,  that  I  have  seen  many 

K  ...".^'  who  have  inhaled  the  gas,  where  insensibility 
to  pain  WM  perfectly  developed.  This  has  occurred,  not  only  in 
mdl  a*  verc  rendered  apparently  insensible  to  all  surrounding 
•lljeaCa  Cor  a  »hort  time,  which  is  now  and  then  wen,  but  also  in 
MfTffal  who  Were,  while  under  the  iuflucnoo  of  the  gas,  violently 
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r  excited  and  prone  to  laughter  and  muscular  exertion.     Some  ol 

[these  hnre  struck  wood  or  stone  with  their  hands,  till  these  uneiv 
Dvered  with  blood,  and  have  not  even  known  this,  till  the  effect 

^passed  ott',  not  having'  felt  any  inducement  tu  look  at  thtii-  hands. 
But  I  have  also  tested  the  insensibility  to  pain  in  various  ways. 

In  some  cases,  as  already  hinted,  there  was  produced  the  saoe 
half  comatose  state  as  is  produced  by  a  full  dose  of  chloroform. 
These  were  very  sensitive  subjects,  who  had  got  a  full  dose  of  the 

igaa  before  the  muscles  of  their  lips  relaxed.    Bat  such  omm  m 
rare. 

On  the  other  hand,  chloroform,  in  insnfflcient  quantity  to  eanse 
the  ooma,  often  produces  laughter,  singing,  and  %-iolent  mus<nilar 
efforts,  exactly  like  the  gas :  and  when  to  this  we  odd  that  the 
taste  of  the  gas  is  almost  the  same  as  that  of  chloroform,  and  tliat 
it  produces  the  very  same  thrilling  warmth  over  the  whole  sjvtMl 
as  chloroform  and  ether  do,  as  I  can  testify  from  personal  expe- 
rience, it  appears  reasonable  to  conclude  that  their  action  is  alike, 
and  that  the  differences  observed  are  only  those  of  an  earlier  or  ■ 
later  stage  of  that  action,  the  former  being  the  rule  in  the  esse  of 
the  gas,  from  the  mechanical  causes  I  have  specified,  the  latter 

■being  the  rule  in  the  case  of  chloroform  or  ether,  of  which  a  fuU 

Mose  is  easily  administered. 

When  acted  on  by  chlorine,  perchloride  of  formjle  yields 
perchloride  of  carbon,  Ci  CU  =Ct  CI  Cl»,  just  as  perchloride  of 
Bcetvle,  C<Hs,CU,  yields  sesquiohloride  of  carbon,  (;«  Cl*  = 
C*  CU.CIj. 

Perbromide  of  fnrmyle  is  obtained  from  bromaL  PeriodOt  <f 
fonnyln,  obtained  by  the  action  of  alcohol  on  iodine  and  potash, 
is  a  yellow  crystalline,  volatile  solid,  having  an  odour  analogous 
to  that  of  saf&on. 

When  chlorine  acts  on  oxide  of  mcthyle  Ci  H«  0,  it  pro- 
duces, by  substitution  of  chlorine  for  hydrogen,  the  compounds 


C.     \^  0;    C,    I  ci,  0  ;  and  finaUy,  C.  CI*,  O.    The  second 

may  be  considered  as  formic  acid,  Ct  H  Oa ,  in  which  two-third* 

of  the  oxygen  are  replaced  by  chlorine,  C»  II  |  /•,,  .     It  will   then 

be  an  oxychloridc  of/ormyle,  analogons  to  oxychloride  of  acetyle. 

When  chlorine  action  chloride  of  methyle,  Ci  Hj  CI,  three 

compounds  are  formed  by  substitution.     Those  are,  Ist,  Ct  Ht 

Cl,=  C,  1^',   a;    2nd,  perchloride  of  formyh,  d  H  CI.  = 
Qj^ ,  CI ;  and  3rd,  as  before  explained,  perchloride  of  oarbon, 

c«  CI.  =  c.  as,  a. 
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on   of  chlorine   on  sa]pliaret  of  lucUiyle,   C>  Hs    S, 

^yield,  C    |  ^'S  ;  Ci    |  ^^^6;  and  C,  CI*  B. 

He  •Ctlon  of  chlorine  on  oxalate,  benzoate,  and  acetate  of 

'  tfUe  of  methyle  is  quite  analogous  to   its  action  on  the  cor- 

mjnnding  compounds  of  etbj-le,  producing  the  oxalate,  benzoate, 

uil  ueUt«  of  oxjchloride  of  formyle,  Ct  O*  -f-  Ci  H   \r\,i 

H.  O,,  +  C  H    l^j^;  and  C»  Ha   0»    +    Ci   H   \^, 

cario<as  n-solta,  like  those  which  precede  them,  are  here 
ijidi(uit«d,  OS   we   ithall    explain   the  principle  of  their 
fomuUkm  imder  the  heads  of  ethylc  and  ocetyle. 

la  Mme  »(iociinenB  of  raw  pyroxilio  spirit  there  occurs  a  large 
jwppoftioa  of  a  peculiar  volatile  liquid,  which  has  Ken  called 
^^^MMU  or  xylite.  Aj  its  oonbtitution  is  quite  uncertain,  although 
^^^^■bcli«vctl  to  contain  some  compound  of  oxide  of  mothyle,  we 
^^PW«tmt«  what  is  known  of  it  when  treating  of  the  products  of 
^VUm  Axj  diitillalinn  of  wood. 

£th;le.    C.  H>  =  Ae. 

Tkta,  the  second  radical  of  the  methylic  series  (see  table  of  homo- 
logooa  oompounds)  is  obtained  when  iodide  of  etbyle  is  acted  on  by 
jaxut,  IB  ola«ed  tubes,  at  a  high  tcmi>enxture,  C*  Hs  I  +  Zn  =  Zn 

•+■  C*U».     Part  of  the  ethyle  oombines  with  another  portion  of 
nnccthylo ;  part  of  it  is  resolved  into  methyle  and 
C«  fl»  =  Ci  Ha  +  C«  H« ;  and  part  of  it  escapes  un- 
it is  a  colourless  gas  of  a  faint  ethereal  smell,  burning 
Witk  «  bright  white  thunc;  itoSp.  G.  is  2-00394.  At  32°,  and  under 
Um  oxliaary  pneaaure,  it  is  not  condensed  ;  but  under  a  pressure 
of  2j  atmoapheres  it  forms  a  mobile  licjuid.     Alcohol  absorbs  it. 

KUtjrto  is,  in  all  retpoets,  analogous  to  methyle,  but,  according 
le  Um  law  which  regulates  homologous  series,  its  density  is 
k%llar,  while  its  volatility  ia  less.  Methyle  is  gaseous  under  a 
{nMUTB  of  20  atmosphoros  and  upwards,  but  ethyle  is  easily 
OMulaliMd,  and  under  the  ordinary  pressure,  boils  at  23"  F.  At 
tke  MOM  time  we  mu«t  not  forget  that  this  compound,  although 
it  kas  th<-  formula  of  the  rodicul  ethyle,  may,  like  methyle,  bo 
|«Mtbly  (mly  an  i-ionurio  niojilicution  of  the  true  radiooL  It 
^Ma  not  '  wa,  and  cannot  be  made  directly  to 

oambiiia  X  ,  &o.     But  assuming  it  to  be  the 

ndiod,  with  which  it  is  at  all  events  isomeric,  we  shall  now 
«M»id«r  it*  oompounds. 

1.  Oxide  of  Bthjie.     Ci  Hi  0  =  Ae  0. 

Bts.  Ether, — Suiphunc  Ether.    This  compound  is  found  in 
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nature  in  small  quantity,  not  uncombined,  but  in  combinatiim 
with  acids,  chiefly  with  acids  of  the  formic  and  acetic  serie*,  Ci 
UoO*,  so  often  mentioned.  These  compounds  are  neutral  ethen, 
and  have  usually  a  very  fragrant  odour.  The  flavour  of  the  pinc- 
apple,  mi'lun,  and  various  other  fruits,  depends  on  the  prvaeaoe  of 
such  compounds. 

Oxide  of  cthyle  is  obtained  artificially  from  alcohol,  its 
hydrate,  by  heating  it  gently  along  with  sulphurio  or  phosphoric 
acid,  which  remuvea  the  water,  or  at  all  events  causes  the  sepa- 
ration of  the  ether  from  the  water.  The  best  process  is  as  follows: 
6  ports  of  alcohol,  or  at  least  90  per  cent.,  are  mixed  with  9  of 
sulphuric  acid,  and  the  mixture  introduced  into  a  retort,  where  it 
is  rapidly  heat«d  to  the  boiling-point,  and  kept  at  that  point, 
wliile  by  means  of  a  bent  tube  passing  through  the  cork  which 
Btops  the  tubulure  of  the  retort,  and  furnished  with  a  8to|>-oock, 
fresh  alcohol  is  allowed  to  enter  the  retort  so  as  to  keep  the  Uquid 
constantly  at  the  original  level,  flowing  in  exactly  as  fast  as  the 
ether,  &c.,  distils  over.  The  products  arc  condensed  in  a  powerfol 
Liebig's  refrigeratory  ;  tlioy  consist  chiefly  of  ether,  ■mih  water 
in  sudi  proportion  as  would  convert  tho  ether  into  alcohol ;  and  a 
very  little  alcohol,  sometimes  none  at  all.  The  o[ieration  may  b« 
advantageously  continued  until  31  parts  of  alcohol,  at  90  per 
cent.,  have  flowed  into  the  retort,  and  of  course  on  equal  volume 
of  ether  and  water  has  distilled  over. 

This  process,  as  to  its  final  result,  may  be  thus  expressed,  Ae  0, 
H  0  4-  2  (U  0,  S  Oa)  =  2  (HO,  S  0»)  +  H  0  +  Ag  O  ;  that 
is,  the  action  of  heat  and  of  oil  of  \-itriol  has  caused  tha 
separation  of  the  ether  and  the  water,  which,  together,  oonstituto 
alcohol.  And  it  is  to  this  view  of  the  change,  which  he  oonsiden 
one  of  decomposition  by  contact,  that  Bcrzelius  applies 
theory  of  a  catalytic  force.  But  in  reality,  the  process 
of  two  stages :  the  first  is  the  formation  of  bisulphate  of  oxide 
of  etbyle  (sulphovinio  acid)  Ae  0,  H  0,  2  S  0> ;  and  the  scoond 
is  the  decomposition  of  this  by  heat  into  Ae  0  and  H  O,  2  S  Oi . 
The  bisulphate  is  formed  when  a  mixture  of  2  eqs.  oil  of  vitriol, 
1  eq.  aloohol,  and  from  1  to  3  eqs.  of  water,  is  heated  to  about 
285° ;  and  at  almost  precisely  the  same  temperature,  the  bisul- 
phate is  decomposed,  espeoially  if  the  liquid  be  kept  in  steady 
ebullition.  Now,  the  bisulphate  contains  anhydrous  sulphuric 
acid,  ether,  and  water,  280*-fAeO  +  UO;  and  when 
dooomposod,  the  sulphurio  acid  seizes  tho  water,  thus  preventing 
the  ether  from  uniting  with  it  to  reproduce  aloohol.  The  ether, 
therefore,  distils  over  :  but  as,  when  tho  bisulphate  was  formed, 
ether,  Ae  O,  displaced  water,  H  0,  from  half  the  oil  of  vitriol,  to 
now,  when  the  bisulphate  is  deoom]KN»«d,  and  while  its  water  i*{ 
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the  2  eqs.  of  anhjdroos  acid,  the  vapoon  of  ether 
tiafMM  ■  liquid  containing  oil  of  vitriol  diluted,  both  with  the 
water  Enplaned  from  the  other  part  of  it  by  tho  ether,  and  with 
the  wmter  of  the  kIcoIioI  (wliivh  at  90  per  cent,  amounts  to  2  cqs. 
1  of  ether,  one  oombiued  with  the  ether  to  form  the  alcohol, 
her  avrving  to  dilute  it).  Mow,  a  sulphuric  acid,  thus  far 
ftnd  heated  to  a  temperature  even  short  of  28d°,  ^ves  off 
,  therefore  the  vajionr  of  ether  in  passing  through  this 
nes  saturated  with  the  vapour  of  water,  without  com- 
ng  with  it,  and  thus  ether  and  water  distil  over  together, 
e  Burfaoe  of  the  boiling  or  cflervescing  liquid,  however,  the 
JMT  produced  by  the  decom(iosition  of  the  bisulphato  is  brought 
ato  contact  with  water  in  the  nascent  state,  also  derived  from 
at  dNompositioQ,  and  in  this  manner,  according  to  Licbig,  a 
,  kltohd  is  reproduced,  and  distils  over  with  the  ether,  tho 
Bg  prodaoeid  in  the  body  of  the  liquid,  the  alcohol  only 
•orfW.  It  is  certain  that  a  little  alcohol  generally 
apani«8  the  ether,  even  in  the  most  successful  o(>eration  ; 
hat  it  is  not  easy  to  see  how,  according  to  the  above  explanation, 
the  solphuric  acid  which,  in  the  body  of  the  liquid,  is  able  to 
prevent  the  ether  from  combining  with  water,  should  fail  to  do 
to  at  the  surface.  The  ether  and  water,  it  would  appear,  are 
equally  in  the  nascent  state  in  both  situations.  While,  therefore, 
we  adimit  Lie-big's  very  beautiful  explanation  of  the  facts  con- 
nected with  the  production  -of  ether,  we  cannot  feel  the  same 
certainty  in  regard  to  his  explanation  of  the  simultaneous  occur- 
rence of  aloohoL  It  will  now  be  seen  how  little  necessity  there 
i»  for  retorting  to  the  mysterious  agency  of  catalysis ;  for  the 
dumge  it  not  one  due  to  contact  alone,  but,  on  the  contrary,  one 
depending  on  strong  affinities  very  nicely  balanced,  and  influ- 
enced to  a  very  great  extent  by  the  degree  of  heat  employed. 
The  idea  that  the  contact  of  oil  of  vitriol  caused  the  ether  and 
water  of  alcohol  to  separate,  arose  from  the  circumstance  that 
the  formation  of  the  bisulphate  of  cthyle  takes  place  at  a 
teimperature  quite  dose  to  that  at  which  it  is  decomposed,  and 
^■tfaat  the  formation  of  the  bisulphate  in  this  process  had  been 
^^■Terlooked. 

^^■At  crude  ether  is  mixed  with  an  alcoholic  solution  of  potash, 
I^HK  to  render  it  alkaline,  and  distilled  in  the  va|K)vir-bath,  us 
'  Vmg  aa  the  Sp.  O.  of  the  product  does  not  exceed  0-725  at  80°. 
The  ether  is  then  digested  for  a  few  days  with  chloride  of  calciam, 
~  qoicklirae,  and  rectified  once  more  with  one  of  these  sub- 
When  pure,  oxide  of  ethyle  is  a  colourless,  Tcry 
highly  refracting  liquid,  of  Sp,  O.  0'725  at  60".  It  ia 
fohitile,   boiling   at  76',   and   producing  intenae   cold  by 
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its  eraporntion.  Tt  has  a  pongent,  oooliog,  nroinuiic  t. 
and  a  penetrating  agreeable  odour.  It  is  very  combuktiblr,  and 
its  vai>oiir  is  apt  to  form  dangerous  explosive  mixtures  with  air. 
When  oxidised  slowly,  it  yields  aldehyde,  oldehydio  acid,  aoetii 
and  formic  aoids. 

Eth(T  is  used  in  medicine  as  a  diS\isible  htimulant,  and  la 
chemistry  as  a  solvent,  especially  of  organic  matter*,  such  aa 
fats,  fat  oils,  essential  oils,  resins,  some  aoids,  and  some  boao. 
Its  vapour,  when  mixed  with  air  and  inlinled,  produoes  a  spooiea 
of  ooma,  or  at  least,  in  most  easn",  insensibility  to  pain  ;  and  this 
method  is  now  resorted  to  to  facilitate  the  performance  of  aerers 
surgical  oijerations.  In  using  ether,  great  care  must  be  taken, 
on  account  of  its  great  volatility,  not  to  approach  a  light  to  it, 
which  would  inflame  the  va])our  and  might  cause  dangerona! 
ncciJents.  Care  must  also  be  taken  to  have  air  enough  mixed 
\nth  tlic  vapour  of  other,  which,  if  inhaled  alone,  would 
nsphj'iitt. 

In  its  relations  to  other  bodies  it  exhibits  the  charaoten  of  ■- 
base,  neutralising  aoids,  although  it  does  not  oorabioe  direetl}^ 
xrith  them,  and  forming  compounds  which  are  subject  to  tlM 
laws  of  double  decomposition,  like  salts  of  inorganic  baata. 
These  salts  of  oxide  of  eth3'le  are,  commonly,  etboreol  liqnids ; 
many  of  them  crystallising  at  low  temperatures,  and  a  good 
many  being  solid  and  orystallino  at  ordinary  tempcratureai 
They  ore  often  called  ethers,  with  the  name  of  the  acid ;  aa 
acetic  ether,  benzoic  ether,  &o.  Those  ethers  which  ooDtVB 
organic  acids  are  for  the  most  port  fragrant,  and  many  (Mti 
owe  their  fragrance  to  the  presence  of  the  ethers  of  organic  aetda. 
The  melon  and  pine-apple,  as  well  as  the  apple,  have  exactly 
odour  of  some  such  ethers.  The  formula  for  the  aalt*  of  oxide 
cthylc  corresponds  to  that  for  tlie  salts  of  potash,  &o.  Thus, 
K  0,  A_represents  acetate,  and  K  0,  liz  benzoatc  of  jiotaah, 
Ao  0,  A,  and  Ae  0,  Bz,  represent  the  acetate  andbenzoate  «l 
oxide  of  ethyle. 

The  analogy  between  ether  and  metallic  protoxides  is 
shown  in  the  action  of  both  on  hydrochloric  acid  and  its  oongencn 
for  while  K  0  with  H  CI  yields  H  O  and  K  CI,  so  Ae  O  +  H 
=  II  0  +  Ac  CI :  that  is,  ether,  with  hydrochloric  acid,  yielda 
water  and  chloride  of  cthylc.  The  same  is  true  of  the  bromide, 
iodide,  &o.,  and  by  proper  means  both  the  cyanide  of  ethyle,  Ae 
Cy,  and  the  sulphurot  of  ethyle,  Ae  S,  moy  be  obtaint<d.  la- 
short,  we  cannot  bettor  connect  and  classify  the  numerous  fac 
now  known  in  regard  to  ether,  than  by  adopting  tlic  view  whiob 
considers  it  as  the  bosio  oxide  of  ethyle,  a  compound  radical,  rety 
analogous  to  a  metal. 
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«,   '••  ■/  Oritie  of  EthiiU.    Ac  O.  H  0  =  C,U.>  0.  H  0. 

&>.  . — This  oompoimd  ia  formed  when  elier  and  irater 

in  ihe  UAScent  sUiU-,  us  wu  shall  tec  uo'nira  «  ben  some  of  the 
■liti  of  ethj-le  are  beaU'd,  or  otbomisi*  diicomposed.  Uut, 
Metitadly,  it  i»  prodaocd  entirely  from  sugar  by  fermentation. 
UM  juice  of  ibe  graiw,  or  nay  other  loccharine  juice,  or  im 
iaftuion  of  malt,  wb«n  exposed  to  the  air  for  a  short  time,  and 
to  *  tcmpomtore  of  from  40°  to  85^  soon  enters  into  fermen- 
:>a,  and  a  lar^e  quantity  of  carbonic  acid  is  given  oft',  wbil*.* 
tiio  ragar  totally  disapiicart,  and  alcohol  is  found  in  its  pUoi*. 
A.  pare  tolutiun  uf  euj;ar  in  water  doei  not  ferment,  but  on  tho 
»d^tiua  of  ytnst  it  dora  so.  The  juice  of  the  fp^pe  and  the 
tttfniioB  uf  nioJt  both  coiiUiiu,  betidM  xugiir,  lorjio  bo<]y  whinh 
of  yeast,  or  ttrmtnt.  This  i*.,  in  llic  grajie-juiw, 
I  tba  Dialt,  glntf-n,  both  of  which  readily  enter  into 

II  when  exposed  U>  air  and  moisture,  and  being  in  this 
I-artii'Us  in  motion,   this  motion  is  communicated  to 
M  ■'  lid  the  existin;|f  equilibrium  of  affinities 

'htbtg  tkuwbt'  new  cumiKiuiidn  are  formed,  in  this  oaao 

■]«ai>ol  and  e  .  1.     The  subject  of  fermentation  will  be 

tSl/ftwari*  iaW  1 :  in  the  mean  tirar-  it  i<>  to  be  obsem-d, 

aiintl  '  '■,  in  u  state  of  \-  n,  will  induce 

li  ,ir;    a«,    for  e\  itrifyinfi;  fieah, 

ahorw,  wiiiL«'  of  '  isx:,  <Slo.,  and  that  none 

femoot*  oontribnto  tu  mction  of  the  alcohol,  or 

avtMwir  acid,  but  yield  ammonia  und  other  pr<Kliirt«.  CryKtal- 
MMi  (UKar,  Cii  Hii  Oil  rt»juiroB  Uk^  cli-tiK'nta  of  1  e<j.  of 
til  yirld  3  eqs.  alcohol,  C«  Uii  Ot  and  -I  eqs,  carbonic  acid, 
C  0»=  C*  U,;  and  grupe  sugar,  Cu  llu  On,  produces,  besides 
.tit*  aleokol  aud  carbonic  acid,  2  eqs.  of  water.  Thus  wc  iuve 
!„  fi  .  n  j_  H  0  =  i!  (C.  H„  0.)  +  4  C  Oi;  and  C.  H..  0,* 
)  +  4  C  Ot  +  2  U  0. 
ifuj  .J.-  iMimentcd  liquid,  which,  in  the  case  of  the  grape- 
inicf,  is  wine,  in  that  of  malt,  beer,  ale,  or  wort,  the  alcohol  is 
by  dittillaUon,  and  being  more  Tolatilo  than  water,  it 
iiaal«s  in  the  tlrst  portions  distilled.  These  constitute, 
frotn  winu,  brandy ;  when  from  a  fermented  infuxion  of 
ault,  wkiikey  ;  and  when  from  fermented  sulutinn  of  mulasses, 
nna.  In  tltww  forms  it  still  contains  30,  40,  or  more  per  cent. 
«f  -water,  and  a  littlt  rolatilc  odoriferous  oil.  It  is  again 
noti&Kl,   and   the  '  iis  distilled  am  colourless,  and  go 

\y  Ule  name  of  »pii  After  anotlu-r  rectiHuation  thry 

•n  oalW  rectified  (.(.itiu  «if  wine.  They  now  oonlnin  only 
•leoiMl,  with  from  10  to  20  per  cent,  of  water,  which  is  removed 
bj  (Ufcatisg  the  spirit  with  qnioldime,  and  distilling ;  or  by 
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rectifying  over  dried  carbonate  of  potash,  or  ebloride  of  cnlciara. 
Pure  or  absolute  alcohol  is  a  colourless  mobile  fluid  of  Sp.  0. 
0-7('>^  at  GO'',  and  boiling  at  173".  It  has  a  boming  taste,  aad 
a  pleasant  fraity  smell.  Rectified  spirit  of  wine,  that  of  90 
cent,  is  very  similar  to  it,  having  the  Sp,  0.  0-825  to  0- 
ordinary  spirit  of  wine,  at  70  per  cent.,  has  the  8p,  G.  0' 
Pure  alcohol  hns  never  been  frozen,  but,  by  a  most  intense  arti- 
ficial cold,  it  has  been  brought  to  the  state  of  a  viscid  oil,  proving 
that  a  still  more  intense  cold  would  solidify  it.  It  is  very 
combustible,  and  produces,  in  burning,  a  very  intense  hoat. 
Henoe  spirit  of  wine  is  much  used  for  lamps  for  ehemictd  pur- 
poses. Alcohol  has  a  strong  attraction  for  water,  and  on 
account  acts  as  an  antiseptic,  preserving  animal  and  vei 
I  nibstanoes  from  putrefaction.  The  strength  of  oloohol  a 
k  Bsoertained  by  its  specific  gravity ;  and  all  chemical  works  con- 
tain tables  of  tlie  relation  between  the  density  of  the  spirit  aiul  tha 
per-oentage. 

Alcohol  is  a  powerful  diffusible  stimulant,  and  has  intoxioatinf 
properties.  It  is  much  used  as  a  solvent,  for  many,  indeed  moft 
vegetable  acids  and  bases,  for  volatile  oils,  for  resins,  and  for 
'  many  salts,  even  inorganic.  Most  deliquescent  salts  are  soluble 
in  alcohol,  as  are  the  caustic  alkalies  and  iodine.  Acids  act  on 
alcohol,  producing  the  compound  ethers.  Solutions  made  with 
proof  spirit  (a  mixture  of  equal  volumes  of  rectified  spirit  of  win* 
and  of  water,  Sp.  G.  0-9tJ0)  are  called  tinctures. 

3.  Chloride  of  Ethyle,  Ae  CI  =  C*  H»,  CI,  is  prepared  by  satu- 
rating alcohol  with  hydroohlorio  acid  gas,  and  distilling  the 
mixture  in  the  vapour-bath,  collecting  the  product  in  a  well- 
oooled  receiver.  It  is  formed  as  follows :  Ae  0,  H  0  +  H  CI  ^ 
Ae  CI  +  2  n  0.  It  is  dried  by  digestion  with  chloride  of  calcium. 
It  is  a  colourle.s8  liquid,  8p.  G,  0'874,  boiling  at  52*,  of  on  aro- 
matic odour,  slightly  alliaoeoas.  It  is  now  employed  in  research. 
When  exposed  to  the  combined  action  of  chlorine  and  the  sun's 
rays,  it  yields  by  substitution  a  whole  series  of  ohloriniscd  ethen, 
of  which  series  one  extremity  is  ether  (C»  H«)  0  ;  and  the  other, 
IKjrchloride  of  carbon  (C,  Cl»)  CI  =  2  Ci  CU.  With  an  alooholie 
solution  of  protosulphurct  of  potassium,  E  8,  it  gives  chloride  of 
potassium  and  sulphuret  of  ethyle.  Ae  CI  +  K  8  =  Ae  S  +  K 
CI.  With  hydro-sulphuret  of  sulphuret  of  potosiiium,  it  yiddt 
mercoptan,  which  is  alcohol,  in  which  all  the  oxygen  ha*  bMU 
replaced  by  tulphur.  Ae  CI  +  K  8,  H  8  =  K  CI  +  Ae  S,  H  S; 
the  latter,  mcrr-apUin,  being  analogous  to  Ae  0,  H  0. 

4.  UroiiiiiU  (if  Elkylt,  formed  by  distilling  bromine  wiUi  alcohol 
and  pliOB|ihoriis,  "Ihere  are  first  formed  when  the  matt-rials  an 
mixed,  phosjihorous  and  hydrobromie  acids,  and  the  latter,  when 


BtlLrHUBET   OP   ETHYLE — MERCAPTAN. 


207 


the  alcohol,  dcoomposea  it,  yielding  Ae  Br,  which 
lie  <^liloride.     It  is  used  in  research, 
f,  Joditle  of  EthyU,  Ae  I,  formed  by  a  similar   process,   is 
ualogoiu  to  the  two  preceding  compounds,  and  is  also  used  in 
naarcli. 

^Butphur«t  of  Elhyle,  Ae  S,  is  prepared,  as  above  stated,  from 

lorido  by  sulphuret  of  potassium.     It  is  a  colourless  liquid, 

J  at  1*>7°,  of  a  strong  offensive  alliaceous  smell. 

7.  Ilydroiulphuret  of  Siilphuret  of  Ethyle,  or  Mcrcaptan,  Ae 

III  S  =  C,  Ho  S,  or  Ct  H»,  S  +  H  8.     This  very  remarkable 

ipomsd  is  formed  when  a  solution  of  the  double  sulphate  of 

:  and  oxide  of  ethyle  (sulphovinate  of  lime)  of  Sp.  O.  1-28,  is 

f^iatilliid  witli  its  own  bulk  of  a  solution  of  potash  of  the  same 

daMtty,   previonsly  saturated  with  sulphuretted  hydrogen,  and 

«nrerted  into  K  S,  H  S.     The  volatile  product,  after  digesting 

b  with  a  little  oxide  of  mercury  and  chloride  of  calcium,  to 

rRBore   mlphuretttd  hydrogen   and  water,   is  mercaptan.     Its 

ition  is  thus  explained :  (Ca  0,  S  Oj  -f-  Ae  0,  8  Os )  +  K  8, 

S  =  Ca  O,  .S  Oi  +  K  0,  S  0»  +  Ae  8,  H  8.     Pure  mercapUn  is 

ooloarlvss  liquid,  very  mobile,  boiling  at  97°,  of  Sp.  G.  0-843. 

'  It  has  a  most  penetrating  and  offensive  odour  of  onions,  as  it 

V«n  concentrated,   which   adheres  obstinately   to   the  hair    or 

clotbn,  so  that  it  is  most  unpleasant  to  experiment  upon.     As 

•bov'  '1,  it  is  formed  from  alcohol   by   substitution  of 

.  ygen  ;   and  as  alcohol  is  the  hydrate  of  oxide  of 

At'  <-»,    H  0,  mercaptan  is  the  hydroBulphuret    of   the 

kof  ethyle,  Ae  8,  H  S.     The  sulphuret  of  ethyle,  Ae  8, 

I  to  the  oxide,  ether,  Ae  0. 

acts  strongly  on  some  metallic  oxides,  especially 
t&OM  of  lhi<  (liable  metals,  such  as  mercury,  gold,  platinum,  &c. 
motol  takes  the  place  of  the  hydrogen  of  the  sulphuretted 
pn  in  ajtroapton ;  thus  M  0  +  (Ae  6,  H  S)  =  H  0  -f  (Ae 
^Tlu-  red  oxide  of  mercury  is  acted  on  by  mercaptan,  and 
9t«  a  white  crystalline  compound,  called  the  mercaptide 
oxido  of  gold  forms  a  gelatinous  whit«  mercaptide ; 
and  oxide  of  lead  yields  lemon-yellow  orj'stals  of  mercaptide  of 
la^  Ae  8,  Pb  S. 

Moreapton  may  also  be  viewed  as  IT  +  Ao  8* ,  in  which  case 
tlM  aiiovc  metallic  compounds  will  have  the  gcncrol  formula 
M  +  A*  8t'.  Here  the  supposed  radical,  the  mcrcapfum  of  Zcise, 
b  bisulphuret  of  ethyle ;  so  that  on  cither  view  mercaptan  is 
eciax»«t«<l  with  ethyle. 

Ztb*  bca  dcMribed,  under  the  name  of  Tliialic  oil  or  other, 
■aotlMr  TMy  Aittd  oooipound,  which  seems  to  be  Ae  8,,  or  por- 
■nlphnret  of  ttbylo. 


,«08 


SELENIUKET,  ETC,  OP   ETHTLE. 


8.  Seleniuret  of  EthyU  is  a  volatile  nlliaoeous  offenuve  Uqti 
formed  when  sulpliuret  of  ethyle  and  potasli  is  diKtilled  with 
Beleuiuret  of  iiotassium.  Siilpbocyanide  of  potasaium,  alcohol 
and  sulphuric  acid,  when  dissolved  together,  yield  a  ni'ist  olfen- 
sivo  volatile  liquid,  supposed  to  be,  or  at  all  cventa  to  pontAJn, 
Bulphocyaaide  of  ethyle.  It  will  be  observed  that  all  theM ' 
compounds  of  sulphur  with  ethyle  and  similar  bodiei  are  obarao- 
ieriscd  ))y  odours  resembling  that  of  garlic,  but  ao  intense  and 
penetrating  as  to  be  insapportable.  This  character  is  obaorrM 
i&  all  volalUe  organic  compounds  of  sulphur,  whether  artillcial, 
as  the  above,  or  natntikl,  aa  oils  of  garlio,  oaaafetida,  bone-j 
radish,  &c. 

9.  Fluoride  ufElhylt,  C.  H.  F=  Ae  F.— Svy.  Jlydroftfivric  Etittr. 
Tliis  oumpuuud  i:i  formed  when  hydrofluoric  aoid  i(Ct«  on  ainolate  { 
alcohol,  kept  cold.  It  is  a  mobile,  very  volatile  liijuid,  the  odonr  J 
of  which  recals  that  of  radish.  It  bums  with  a  blue  titnxs  di*-  j 
engaging  hydruHuorio  aoid.  It  must  be  kept,  as  well  «>  prepoNd.  J 
in  vessels  of  lead,  bilver,  or  platinum,  as  it  acts  oa  gLus. 

10.  CyaniJe  o/  Ethyle,  Ae  Cy  =  C«  ITi  N,  is  obtained  whoal 
cyanide  or  fcrrocyauide  of  potassium  is  heated  with  tul ; 
of  potash  (double  sulphate  of  jMjtash  and  ethyle).     It  it 
liquid  of  a  peculiar  slightly  alliaceous  odour,  like  that  o!  pi^ 
fish,  with  on  analogy  to  hydrocyanic  aoid.     It  is  very  »tup 
when    inhaled,   and   no    doubt  iKiisonous.     AMien   ht^ted 
potash,  it  yields  ammonia  and  prupylatt)  of  potash. 

C>H>IT  +  K  0  +  3  H  0  =  11  Ha+  R  0,  CHiOt. 
CTUiids  of  BUiyle.  FmpjtotA  al  PotMli. 

Cyanide  of  ethyle  appears  to  ha  idi-ntical  with  propylonitrrlo,! 
a  com|H)und  formed  when  propylate  of  ammonia  is  heated  willlj 
anhydrous  jihosphurio  acid,  which  deprives  it  of  all  its  oxygon  in] 
the  shape  of  water. 

NH4O,  C>HjOi-I-FOi,  =  POi,  i  no  +  C5.H..'«. 

If,  therefore,  we  could  obtain  oxide  or  hydrated  oziilc  of  ©thy 
from  the  cyanide,  which  as  yet  we  cannot  do,  we  should  have 
ttie  moans  of  producing  ether  and  alcohol,  which  have  4  eqs.  oti 
carbon,  from    the    acid,  with   G  oqs.  of  carbon.      And    in  likaf 
manner,  from  the  acid,  with  8  cqs.  of  carbon,  wo  should  b«  ah 
to  form  the  ether  and  alcohol  with  C  eqs.,  from  th«  aoid  witi 
10  eqs.,  the  ether  and  alcohol  with  8  cqs.  of  carbon ;  and  so  foi 
It  can  hardly  be  doubted  that  M'«  shall  some  day  suooocd 
doing  this. 
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'  Zinrrffir/lf,  C4  Ht  Zn  ^  Ae  Zn. — This  compound  is  obtained  by 
Id  crystalline  product  formed  by  the  action  of  zino 
I'thyle  (Franldand).    It  is  a  volatile,  fetid,  poisonous, 
highly  inflammable  liquid,  and  like  zincmetbylo,  appears  to 
an  eleetropositiTe  radical,  although  its  compounds  have  not 
jpt  been  examined  miautely.   In  contact  with  water,  it  is  dccom- 
1,  yielding  oxide  of  zino  and  a  carbohvdrogen  of  the  formula 
H.  *  «.      Thus  C.  n.  Zn  +  H  0  =  Zn  0  -f  C«  Ho .      This 
ly,  C«  1I«,  is  most  probably  hyduret  of  cthyle,  C«  II»,  H,  or 
H.     But  it  may  also  be  the  radical  methyle,  for  C4  He  =: 
|(Ci  n»).      The  latter    view,    however,    has  been   shown   by 
ad  to  be  less  probable,  and  wo  shall  consider  the  body 
B«  M  die  hyduret  of  etbyle,  while  tho  compound  C'-i  Ha,  or 
I  radical  methyle,  polymeric  with  it,  is  thot  formed  in  the  elec- 

I  <|*Oomposition  of  acetic  acid. 
StAM^U,  8b  Ci,  Hi>  =  Sb  Ae,  =  Sbte.  This  radical  is 
obteilMii  when  the  alloy  of  antimony  and  potassium  is  heated 
witli  iodide  of  ethyle.  It  is  a  very  mobile,  highly  refracting 
liquid,  of  an  oflcnrsive  alliaceous  odour,  which,  when  exposed  to 
t^  air,  first  forms  a  tliick  white  smoke,  and  then  takes  Hre, 
bHtnisg  with  a  very  luminous  white  flame.  It  lioils  at  302*,  and 
ita  Bp.  O.  ia  1-324,  that  of  iU  vapour  7-499.  It  is  heavier  than 
wator,  and  soluble  in  alcohol  or  ether.  When  it  is  slowly 
oxidiaod,  it  yields  two  compounds.  The  iirst  is  a  viscid  trans- 
parast  body,  and  is  an  oxide  of  stibethyle,  Sb  Aet ,  On  =  Sb« 
~1mi  other  is  a  compound  of  antimouinus  acid  >vith  oxide  of 
This  compound  does  not  crystallise,  and  its  solution* 
acid  become  thick  and  gelatinous,  and  dry  up  into  a 
•like  mass.  It  has  a  very  bitter  taste,  and  gi'^'ea, 
lpbur«Ht«d  hydrogen,  a  light  yellow  precipitate, 
uxido  of  the  radical,  stibethyle,  forms  with  acids  cryg- 
lilo  Milt*.  Both  tlie  oxidd  and  its  salts  ore  very  bitter, 
ato  forms  line  lurge  rbonihohrdral  crystals,  very  oolublo  in 
lU  formula  is  Sb  Ae,  0, ,  2  N  (),  ='Sbir«  0, ,  2  N  0. .  Tho 
s  U  Sb  Ai-,  Oi .  2  8  0.  =  SbiD  Ch ,  2  S  0. . 
harft  <•/  ffltltethylf,  Sbii<  81 ,  forms  small  white  crystals,  of  a 
.  sflvery  luKtrv,  alliaocuus  smell,  and  bilt«r,  hepatic  ta£t«. 
lie  in  water,  and  pn-cipiLitcs  metallic  solutions,  like 
1  of  potassium.  Tho  M-lcniun-t  Shir  Set,  resembles  tho 
arot.  Tho  iodide,  Sbiu  Ii  cr}->lnlliM's  beautifully.  It  is 
and  in  its  rvactiuns  resembles  iodide  of  |iotaiaium. 
(  atibothyU  Sbw  Bri,  is  a  transparent  liquid,  of  8p,  Q. 
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1'963,  which  orystallist-s  when  exposed  to  cold.  The  chlofidfl* 
a  liquid  of  Sp.  O.  I'u4.  All  these  comi>ound£  exhibit  the  rcBCtioo 
of  inc-tAUic  Rolta,  chlorides,  bromides,  &e. 

Stibethyle  is  remarkable  for  its  very  strong  affinities.  In  fact, 
it  combiner  directly  with  almost  all  the  non-metallio  elements, 
and  with  so  much  energy,  that  it  generally  takes  lire,  and  ic  is 
therefore  neccssarj-  to  employ  indirect  or  slow  methods  of  forming 
its  compounds.  Its  affinities  arc  almost,  if  not  quite,  as  |>ow«rfal 
as  those  of  potassium.  Lowig  and  Schweizer,  who  disoovercd 
it,  arc  of  opinion  that  it  is  a  ouuplcd  radical,  of  the  formul  Sb 
Ae,  Acj ,  and  that  this  is  the  rooMin  why  it  combines  with  2  cqs. 
of  oxygen,  sulphur,  &o,  ;  )t«  affinities  depending  on  the  2  rqt.  of 
ethyle,  and  not  on  the  copula  Sb  Ae. 

Stibethylium,  Sb  Ae.  =  Cio  H»  Sb,  This  compound  metal,  ' 
corresponding  to  ammonium,  and  baring  antimony  instead  of 
nitrogen,  and  ethyle  instead  of  hydrogen,  is  analogous  to  Mibio- 
methylium.  It  is  unknown  in  the  separate  form,  but  its  iodide 
is  obtained  by  the  action  of  iodide  of  eUiyle  on  stibvlhyle.  This 
oxide,  being  acted  on  by  oxidu  of  silver,  yields  the  hydrat«d 
oxide  of  stibethylium  analogous  to  caustic  potash.  It  has  not 
been  yet  fully  studied. 

liismet/ii/lei.     There    are  two    compounds    of  bismuth    with 
ethyle.     ISismotriethyle,  Cii  Hi»  Bi,   is  formed  when  iodide  of 
ethyle  acts  on  an  alloy  of  bismuth  and  potassium.     It  cannot  be 
distilled,  and  is  puritied  by  solution  in  ether,  adding  water,  and 
diiitilling  otf  the  ether  in  clo^e  vessels  tilled  with  oarbojiio  aoid 
gas.      The  new  radical   remains  under  the  water  aa  a  yelioir 
oil,  very  easily   decomposed,   both   by   air  and   moisture.      Its 
demdty  is  1-82,   and  it  ferments  in  the  air,    taking  fire  after] 
a  short  exposure.     Its  taste  and  smell  are  unpleasant.     When  [ 
heated,  it  is  decomixwed,   and   at  a  certain   point  it  •xplodM ' 
with  violence.    Its  compounds  with  chlorine,  iodine,  Ac,  an 
very  unstable.  ^ 

When  it  is  acted  on  by  the   bichloride  of  mereary,   there  fl 
ore  formed  cldoride  of  merouruthyle,   and   chloride   of   a   new     , 
radical  bismethylc,  C«  He  Bi.     The  iodide  of  this  radical  forms 
very    tine    hexagonal    crystals.      The     other    oompoimds    >n 
unstable. 

SlanneUiyU,  Sn  Ae  =  Ct  lit  Sn,  is  analogoua  to  sinoetlijrle,  ' 
and  is  obtained  in  the  same  wiiy. 

It  forms  an  oxide,  Sn  Ae  O,  which  is  a  bulky,  insoluble,  wliit«] 
powder.     The  cldoride,  bromide,  and  iodide  all  crystallise  easily,  I 
and  are  more  or  less  soluble  in  wat4.-r.     The  nitrate  of  the  oxide  ] 
also  oiystallises.     The  other  salts  are  generally  insoluble,  as  is 
also  the  sulphoret. 
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g  ftt«tes,  that  thore  exist  besides  etannethyle,  several  other 
(la,  such  as  i^oi  Ae« ,  Sa<  Aet ,  Sn«  Aes ,  Sui  Ac« ,  Sot 
ba»  Ae^,  mil  of  which,  like  Etannetltyle,  are  compouuJ. 
tn  their  chemical  relations.  The^  form  oxides,  chlorides, 
bnaidw,  iodides,  &c.,  many,  if  not  all  of  which,  aa  well  aa  the 
lalli  of  tlie  oxides,  crystallise  well. 

It  will  be  observed,  that  acme  of  these  formulie  are  multiples 
ot  tliat  of  ttaunethyle.  These^  aa  well  as  the  other  formulie, 
•n  rtmige,  and  it  ia  probable  that  these  compounds  are  not  yet 
loHjr  tmderstood. 

ArtenodirtAyU,  Ae»  Aa,  ia  homologous  with  kakodyle  or  Arse- 
iKibimethylc,  Mcf  Aa.  It  is  formed  when  arsenic  acta  on  iodide 
of  ethyU,  and  is  obtained  as  an  iodide,  Ac*  Aa,  I.  It  resembles 
kakodjle  in  all  its  uharuuters  and  relations. 

Arkrnc'tliylc  Aea  As,  ia  formed  along  with  the  preceding,  and 
ia  ualogoQ*  to  Stibcthylc.  It  is  also  a  volatile  fetid  liquid.  Ita 
oxide  ia  an  oily  liquid,  it:s  sulphurot  is  cr}-staUisable.  The 
ehlmide  ia  not  known  in  a  separate  form,  but  is  volatile  and 
■ItMiIra  \h»  ejrea  violently.  The  iodide  funua  yellow  flocks,  easily 
deeooapoatd. 

Art^wtitiilum,  Ae*  As  or  As  Ae*,  analogous  to  ammonium 
and  iiim,  is  furmod  by  the  aclinn  of  iodide  of  ethyle  on 

ar*> .  '-<  an  iodide.     The  hydrated  oxido  ia  a  strong  base, 

the  ciiluiuiv  and  iodide  are  crj-stalliue. 

PtumhtOtf/U,  V\n  Aes,  is  obtained  as  iodido,  when  iodide  of 
cthjrl*  nota  on  an  allny  of  sodium  and  lead.  There  appear  t«  be 
anvwal  ooa|iuuiidi>  of  had  with  ethyle,  but  the  one  above  named 
i*  a  volatile  lii|uid,  insoluble  in  water.  It  is  oxidised  by  expo- 
awo  to  air.  I'be  hydrated  oxide  is  a  strong  base,  which  cr)-stal- 
U*ea.  Ita  formula  is  not  iixed,  but  as  it  is  caustic,  attracts 
carbonic  acid  froui  tlie  air,  and  in  other  re8|H-ots  resembles  caustic 
potash,  and  on  the  chloride  and  bromide  contain  only  1  e<{.  of 
uilt  rwHcal,  it  i>  probably  (Phi  Aes)  U,  U  O.  The  chloride  and 
bromide  cryttaUise,  oa  du  tliu  sulphate,  nitrate,  and  carbunote  of 
tha  oxide. 

ilercartlhyh,  IIg«  Ae,  is  formed  when  iodide  of  ethyle  acts  oa 
BMimry.  The  hydraU-d  oxide,  probably  Hgi  Ae  O,  II  O  ia  a 
powerful  caustic  base,  like  oausUo  potash.  The  chloiido,  bromide, 
■ad  :    '  '       \'ita.lli<e. 

V  . ,  t'«   H»  Te  =  Te  Ae.    This  radical  is  obtained 

wliCQ  aal]j!juviuato  of  baryta  is  distilled  with  tellurvt  of 
•odlua  (Wohler).  It  is  a  deep  red  liquid,  heavier  than 
w*t«r,  ia  which  it  in  s|iiiria^'ly  soluble.  It  has  a  very  olfen- 
aiv«  ■nwll,  and  is  poi»oiiuu&.  Its  oxide,  Te  Ae  0,  is  a  cr}-stAl* 
tiaoble  base,  forming  salts  with  acide.     Ita  ohloride,  Te  Ae  CI,  ia 
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n  colourless  lii{uid,   of  a    disagreeable  odour  volatile   wiOiovt 
decomposition. 

Mallet,  who  bus  ascertained  the  true  nature  of  telliirclhyle, 

'  has  also  obtained  another  compound,  which  is  either  bilellurct 
of  ethyle  Ae  Tea ,  and  probably  also  n  nulic«l.  or  else  a  oimpound 
analoRons  to  mereaptan,  Ct  H»  Te,  H  Th,  which  only  diflVr*  from 
tlie  other  by  1  eq.  hydroffen.     It  is  a  very  offensive  Uijiiid. 

Thennrd  has  also  indicated  the    existence    of   coni|ioimds   of 

Iphosphorus  and  ethyle,  corresponding  to  those  described  ander 
methyle,  but  has  not  yet  described  them.  It  is  evident  that  tn 
immense  number  of  new  compounds,  containing  metals,  pho»> 
phoruB,  and  other  elements,  along  with  organic  groups,  aad 
having,  like  those  here  described,  very  remarkable  propertie% 
must  very  soon  be  discovered. 


SalU  of  Oxide  of  Ethrle. 


Oxide  of  Ethyle  forma  both  neutral  and  acid  8alt4.  The  nent 
alts  ore  not  at  ordinary  temperatures  decomposed  by  other  salts, 
like  inorganic  saline  compounds.  Thus  an  alfoholio  solution  of 
chloride  of  calcium  does  not  cause  any  precipitate  in  an  alcoholic 
solution  of  oxalate  of  oxide  of  ethyle  or  oxalic  ether.  But  t^y 
are  easily  decomposed  by  contact  with  hydratcd  alkalies,  tlie  acid 
uniting  with  the  alkali,  while  the  oxide  of  ethyle  s«panit«a  m 
hydrate,  that  is,  as  alcohol.  Thus  oxalic  ether,  CiO»  Ae  O,  with 
hydrate  of  potash,  E  0,  H  0,  yields  oxalate  of  potash,  KO,  CiOt, 
and  hydrate  of  oxide  of  ethyle,  Ae  0,  U  O. 

Oxide  of  ethyle  has  a  very  great  tendency  to  form  doable  nlta, 
in  which  there  are  2  eqs.  of  the  acid,  1  eq.  of  a  base,  and  1  eq. 
oxide  of  ethyle.  In  these  salts  the  acid,  as  in  the  neutral  salts, 
cannot  be  detected  by  the  usual  tests ;  and  indeed  they  may  be 
viewed  as  simple  salts,  containing  a  compound  acid,  of  which  oxide 
of  ethyle  is  a  constituent,  united  to  the  inorganic  base.  Thus  the 
double  sulphate  of  ethyle  and  potash,  K  O,  S  Os  +  Ae  O,  S  Oi , 
may  bo  viewed  as  sulphovinate  of  potash  K  0  +  Ae  O,  2  S  Oi; 
and  sulphovinio  acid  is,  on  this  view,  when  separated,  H  0  + 
AeO,  2S0i. 

The  acid  salts  of  ethyle  are  on  one  view  doable  salta,  at,  for 
example,  the  double  sulphate  formed  of  sulphate  of  ethyle,  Ae  0, 
8  0»,  witli  sulphate  of  water,  U  0,  S  Oi.  On  the  other  view, 
they  are  oora|)ound  or  coupled  acids,  and  the  above  example 
Urnmes,  oa  mentioned  in  the  last  paragraph,  sulphoviaio  acid, 

O  +  (Ae  0.  2  S  0» ),  the  hydrate  of  a  compound  of  anhydroni 
ulpburic  acid  with  ether.     These  acid  solts  ore  deoompoaed,  by 
bviiing  with  water,  into  alcohol  which  disUla  over,  and  hydratcd 
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remain  behind.  Wlien  distilled  with  Ihe  salts  of 
_|^ds,  they  yield  the  ethers  of  those  acids  ;  formiate  and 
fliif  ethyle  may  be  thus  obtain>.>d.  When  an  acid  gait  of 
eOtfU  i*  Itcat^  with  ooida  not  volatile,  it  often  happens  that  the 
«ti>en  uf  these  ocida  arc  obtained  :  this  is  the  case  with  the  fatty 
mdd*  and  with  some  others. 

1.  Keulral  tulphaU  of  Oxide  of  Elhyte,  Ae  0,  S  0»,  is  formed 
rhcn  anhydrous  sulphuric  acid  acts  on  pure  ether.  It  is  a  neutral 
|(ii],  which  may  be  distilled,  but  is  easily  decomposed  by  too  strong 
|«  b<«t,  IXi  taste  is  like  that  of  oil  of  i)ep{)ermint.  In  contact 
Iwith  water,  it  yields  alcohol  and  two  acids,  which  ore  isomeric, 
isuuadr,  sulpboviuic  acid,  or  acid  sulphate  of  ethylc,  and  iscthioniu 

(As  O.  S  0>)  +  4  a  0=  2  S  C.  Ae  0  H  0  +  Ae  0,  SOt,  H  0,  SOi  + 


KoaWsl  6a]|ilut«.  laotUioalc  Add.  Bulphovlulo  Acid. 

2  (Ae  0,  H  0). 
AJooliuL 

2.  'intt  of  Oxide  of  EthijU,  H  0,  8  Oa  +  Ae  O,  8  Oj  , 

j«  u;ph(,i-ime  acid,  H  0  +  (Ao  O,  2  8  Oa).     This  acid 

:  iiied  when  the  vapour  of  ether  is  conducted  into  oil  of 
,1  when  oil  of  vitriol  is  mixed  with  alcohol  and  heated  to 
Stun  pi:iint.     To  obtain  it  pure,  the  double  sulphate  of  ethyle 
ItftfTt.i  Viilphoviuate  of  baryta)  in  solution,  is  decomposed  by 
.  and  the  filtered  Uqiiid  is  a  solution  in  water  of 
ate.     It  has  a  very  sour  tustc,  and  cannot  be  con- 
Lt#d  by  evaporation,  whether  at  the  ordinary  temperature  or 
[the  aid  "f  hrat,  without  being  decomposed  into  alcohol  and 
ic  acid.     It  forms,  with  most  bases,  orj'stillisable  double 
rhich  are  ull  sciliible,  so  that,  for  example,  the  addition  of 
oauROs  110  precipitate  if  the  acid  be  pure.     As  the  acid 
ntx  itself  is  called  sulphovinic  acid,  so  these  double  salts  are 
I  anlphiivinates.     It  is  because  all  these  salts  ore  soluble,  that 
'    cannot   detect    the   sulphurio  aeid   tliey  ooiitAiu. 
r,  lliiir  solutions  are  boiled  witli  a  little  hydro- 
,  aUiihol  is  given  off,  and  then  the  sulphuric  aoid  may 
a*  usual.     All  these  salts  ore  deeoinpnsi-d  by  heat, 
to  the  Icmiwraturc,  double  Hiilphoto  of  ether 
■ad  •  I,  sulphurous  acid,  olcliniit  t;as,  and  a  sulphalo 

WRMdiie,  luiAcd  with  chariHjal.  When  healed  Avilh  hydrut<.-d 
•IkAlias,  they  yield  sulplmt<'»  and  alcohol.  The  ilouhir  nulplmUi  nf 
•Myb  and  /lot/ith  cryBlnllisos  in  shining  oeales,  which  are  thti 
■BbydriKii  aolt,  K  (),  S  Ot  +  An  O,  S  0* .  The  hurytti  salt  contain* 
2  t^i.  of  water  of  erystiillisation,  and  forms  beautiful  taboUx 
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ciTstalii,  as  do  also  thi 
which  likewise  contain  2  eqs.  of  water.  These  three  suits  are  all 
nposed  according  to  the  formula,  M  0,  S  Oa  +  Ae  O,  S  Cb  +  2  aq. 
There  exist  sevenil  com  pounds  apparently  isomeric  with  sulphovioic 
acid,  which  wiU  be  noticed  further  on. 

3.  Aeirl  Phosphate  of  Oxide  of  EthyU,  or  phosphovinio  aoiA, 

r  Os  I  „  n  Q   is  formed  in  the  some  way  as  solphoviitio  acid, 

and  obtained  pure  from  the  donble  salt  of  baryta,  P  Ot  j  o  o.  a 

-f  12  II  0.  It  is  a  tolerably  permanent  acid,  deoompoacd  only  by 
a  high  temperature.  With  bases  it  forms  double  salts,  in  whieh 
the  2  eqs.  water  of  the  acid  are  replaced  by  2  eqs.  of  a  protoxide. 
The  fiar;/la  salt,  the  formula  of  which  is  given  above,  crystalliie* 
in  ]X!arly  scales. 

4.  ^^itrate  of  Oxide  of  Ethylc,  C*  II.  0,  N  0.=  Ae  0,  N  0., 
Bt».  Nitric  Ether.  When  2  fluid-ounces  of  alcohol,  and  1  fluid- 
onnce  of  pure  nitric  acid,  of  Sp.  0.  1'4,  are  distilled  together, 
with  the  addition  of  10  or  20  grains  of  urea,  to  destroy  any  nitrotu 
or  hyponitrouB  acid,  the  distillation  proceeds  calmly  and  smoothly, 
and  the  distilled  liquor  contains  water,  alcohol,  and  nitrate  of 
ethylc,  which  partly  separates,  towards  the  end  of  the  process,  as 
a  heavy  oily  stratum,  and  is  more  complitcly  separated  by  the 
addition  of  water.  It  is  a  colourless  liquid,  of  Sp.  0.  1-112, 
which  boils  at  185°,  and  is  iuQammable,  burning  nith  a  bright 
white  flame.  It  is  quite  insoluble  in  water,  but  very  soluble  in 
alcohol ;  and  it  possesses  a  pleasant  smell  and  a  sweet  tast«.  An 
alcoholic  solution  of  potash  oonverta  it  into  alcohol  and  pure 
nitrate  of  {lotash. 

6.  Ityponitrit-e  of  Oxide  of  El.hyle,  Ae  0,  N  Oj .  Stw.  XiiroH4 
Ether.  ITiis  is  best  prepared  in  a  state  of  purity  «hen  a  current 
of  hyponitrous  acid  vapours,  derived  from  starch  and  nitric  a«id, 
ia  passed  through  weak  alcohol,  the  product  being  condensed  in 

^Liebig's  refrigeratory.  The  ether  is  washed  with  water,  and 
dried  by  moans  of  chloride  of  calcium.  The  whole  api>arataa 
mnst  be  kept  cold,  otlierwise  the  action  is  too  violent,  and  the 
results  very  complex.     When  nitrous  ether  is  made  by  the  usual 

rprooesaes,  in  which  ordinary  nitric  acid  is  mixed  with  alcohol,  the 
product  always  contains  a  large  proportion  of  aldehyde,  and,  iu 
fact,  very  little  of  the  true  ether.  The  action  in  this  caso  is  as 
follows  :  2  (C.  n«  0.)  +  N  O.  =  C*  Hs  0,  n  0  (aldehyde).  + 
3  n  O  +  (C«  n..  0  -(-  N  O,).  The  pure  hyponitrou?  ether,  pr«>- 
pared  by  Liebig's  process,  given  above,  is  a  jiale  yellow  liquid, 

Iboiling  at  62°,  of  Sp.  O.  0-947.  It  has  a  very  agrceublc  odour 
of  rennet-apples.     With  an  alcoholic  solution  of  potash,  it  yields 
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alosinil,  And  pure  hyponitrite  of  potash.  Thofwret  tpirif  of  nitre, 
or  »fHritti4  tft/ieria  niVro«i'of  the  phormacopojia,  is  a  solution  of  the 
imparc  hriionitToas  ether  in  oJeohol. 

6.  Prr'efilorate  nf  Oiith  of  EihyU,  C«  Ht  0,  CI  Ot  =  Ae  O, 
CrO».  Srs.  Perchhric  Eiker.  This  ether  is  prcpnrcd  by  dis- 
tillia^  •  mixture  of  1  part  of  perchlornte  of  bnryin  with  1  part  of 
OTttalUaed  ethyIosalphat«  (sulphoviuate)  of  baryta.  The  mixture 
mst  b»  in  a  small  retort,  and  must  not  exoetM)  1  drachm  in 
wtigbt ;  and  it  is  heated  gmduiilly  in  an  oil  bath.  A  n-«haped 
tube  »<>rTcs  as  receiver,  and  is  kept  eold  by  a  freezing  roiitnre. 
Cp  to  212*,  and  as  long  as  the  water  of  crystallisation  has  not 
be«B  expcLlpd,  no  explosion  need  bo  feared.  The  retort  is  then 
gtlitly  bested  to  not  beyond  .'J40°  F.,  at  which  point  tho  action  is 
eoapli>t«d.  In  thp  receiver  is  found  the  new  ether,  under  a 
■tnttutn  of  water ;  the  latter  is  removed,  cautiously,  by  means  of 
«li;«  of  bibulous  paper,  without  touching  the  receiver  with  the 
hand,  broause  a  slight  motion  moy  cause  explosion. 

rcrohioric  ether  is  a  liquid  heavier  than  water,  and  insoluble 
is  it,  of  ui  agreeable  odour,  and  a  ta8t«  nt  lirst  sweet,  then  pungent, 
lilu  cinQaiauo.  It  neither  boils  nor  explodes  when  heated  to  212° 
with  care.  But  a  stronger  heat  or  friction,  or  percussion,  will 
oaUM  it  tn  explode,  which  it  does  with  greater  violence  than  any  i 
known  compound.  It  is  very  apt  to  explode  from  causes  so  slights 
that  it  appears  to  do  so  without  any  cause,  and  is  therefore 
■xtrrmitly  diuigcrou*.  In  making  and  experimenting  on  it,  the 
ojH :  !   be  protected  by  very  thick  gloves,  and  a  strong 

na  <ck  glass  eye-holes. 

TU:j  J.i:i^'erou-i  compound  can  only  be  kept  safely  when  it  is 
mizod  with  a  sufficient  quantity  of  absolute  alcohol,  which  dis- 
tolvca  It. 

A  Itltle  nf  thi^  solution,  on  the  addition  of  water,  deposits  the 
dii  't*  below  in  a  drop  of  size  proportioned  to  th*f 

.   If  the  water  bo  decanted  otf  with  care,  and  the4 
i!  1.1.  M  lip  by  paper,  tho  drop  of  ether  mny  be  made 
,  \A:\\'  'IT  capsule,  by  tonohiag  it  with  a  hot  body, 
s^u-M  i'!"\v  with  a  hammer.    The  fmaUest  drop  inevitably 
tU'j  T'  >-"  1  on  which  it  rt^sts. 

Tb*  caUM  of  the  explosion  is  evidently  twofold.  First,  the 
aonpoond  is  umitable,  from  its  complexity,  its  empirical  formula 
briliK  C  n.  CI  0».  Secondly,  the  hydrogen  has  a  very  strong 
affinity  both  for  oxygen  and  olilorine,  and  tlia  carbon  for  oxygen, 
»nd  therv  is  oxyi;eu  enough  present  to  convert  the  whole  into 
aMimns  compounds. 

Fur  C4  H.  CI  <).  =  Ha  +  4nO  +  4CO,M)  tlmt  it  is  enUrely 
r(aolTt<d  into  hydroohloria  acid,  tteam,  and  carbonic  osid« 


to 
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)  this  takes  place  instauianeously,  mnch  heat  ia  df\ti 
■•  vhich  heats  and  expands  to  a  hi^h  de^ec  tlie  gnscs  formed. 

7.  Borattt  of  Oxiile  of  Jithyle. — There  appear  to  b«  acrrenl 
borates  of  oxide  of  ethyle,  or  boracio  ethers.  The  neutral  borate 
is  3  Ae  O  +  B  Os ,  oorret])onding  to  a  terhydrate  of  the  acid,  3  H  O  -f 
BO).      It  is  obtained  by  tlie  action  of  chloride  of  boron  on 

k  absolute  alcohol,  and  is  a  mobile  liquid,  of  a  peculiar  pleaaont 
odour,  and  a  warm  bitter  taste.  Its  density  is  0-B819 ;  that  of  it* 
gas  is  o-\i,  oorres^wnding  to  4  vols,  for  the  formula  above  gitrno. 
It  boils  at  246°  F.,  and  is  decomposed  by  water,  which  diaaolvaa 
it,  yielding  boracic  neid  and  alcohol. 

Another  borate  is  the  biborate  of  ethyle,  Ae  0,  2  B  Oa ;  wUoh 

I  i(  formed  by  the  action  of  boracio  aoid,  previously  fused  to  expel 
mil  water,  on  absolute  alcohol.  It  is  a  viscid  liquid  of  an  etfaeraal 
smell  and  a  pungent  taste, 

8.  Silicates  of  Oxide  of  Ethyle. — These  are  also  several  siliolo 
ethers.  That  formed  by  the  action  of  chloride  of  silicon  on  ab»olut« 
alcohol,  is  4  Ae  0  4-  4  Si  0.  It  is  a  limpid  ether,  of  a  plcasaxit 
odour,  and  pungent  taste,  of  8p.  O.  0-933  at  68°  F.,  insoluble  in 
water,  which  grudually  decomposes  it.     It  boils  at  about  »30"  P., 

^and  the  density  of  its  gas  is  7*32  =  4  vols,  for  the  above  formula. 
There  arc  two  other  compounds,  the  bisilicate,  Ae  0,  2  ^i  U,  and 
the  quadrisilicate,  Ae  0, 4  Ki  0.  The  former  is  a  liquid,  uf  Sp.  O. 
1'07S',  boiling  at  002°  F.  When  left  in  contact  with  water,  it  is 
slowly  decomposed,  and  Uie  silicic  acid  is  deposited  as  a  hydrata 
which  is  transparent  and  glassy,  but  contracts  ultimately  to  a  man 
of  hyaline  quartz,  sulUcicntly  hard  to  scratch  glass,  and  which  in 
eases  is  true  hydrophone;  that  is,  like  that  milMral,  it 
omea  transparent  in  water. 

The  quadrisilieate  is  a  glassy  mass,  like  arober,  softening  by 
eat,  and  when  still  more  strongly  heated,  yielding  nlicic  acid,  and 
the  tirst  ether  or  protosilioate.  It  is  soluble  in  alouhol,  ether,  and 
the  two  preceding  ethers. 

9.  CarhonaU  of  Oxide  of  EthyU,  ki  0,  C  Oi.  8yi».  CorUmk 
Ether,  ^\'hen  oxalic  ether  is  acted  on  by  |)Otassium,  then  an 
i'onned  several  produola,  one  of  which  is  this  ether.  When  pom 
it  is  an  aromatic  liquid,  uf  Sp,  0. 0  97j,  boiling  at  2(>0'.  An  alao- 
holic  solution  of  potash  converts  it  into  alcohol  uud  carbonate  of 
potash.  Chlorine  acts  on  it,  forming  products  to  be  deacnbod 
when  we  treat  of  tlie  action  of  chlorine  on  ethers  generally. 

10.  DtnMt  Carbonalt  of  Ethyle  and  J'utath,  K  I ),  C  O.  +  Ae  O, 
C  Oi ,  is  formed  when  dry  carbonic  aoid  gas  is  passed  through  an 

leoholic  Miluliun  of  fuisfd  |iotuah.  A  saline  mass  is  obtained,  tron 
liioh,  aflrr  woshiiig  \«ith  flher,  alooliol  dissulves  the  double  salt, 
Mving  oarbauate  and  biottrbonate  of  iiotaxh.     Xhu  double  aalt 
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[  lorn*  pe4rly  scales,  whioh  are  decomposed  by  water  into  aloohol 
mai  Uoarbonate  of  potash. 

11.  Chloroearlwnic  Ether,  C,  H»  a  0.  =C»  H.,  0  +  Ci  |  q[  ? 

I  femed  wlten  nbsolate  oleobol  is  placed  in  contact  with  chloro- 

io  add  gas.     It  appears  as  an  oily  liquid,  of  Sp.  0.  1'133, 

fWlifij;  at  200''.     It  is  formed  as  follows  :  2  eqs.  of  olilurocarbouic 

k  aeid  and  1  of  aloohol,  losing  1  eq.  hydrochlurio  acid,  yield  1  eq. 

of  the  new  tther.     U   0,  CI.  +  C.  H«  0.  =  II  CI  +  C.  "U.  CI  0» . 

It  may  he  viewed  as  a  compound  of  oxide  of  ethyle,  with  a 

pMoliar  acid  Cx  |  ^f ;  or  aa  oarbonio  ether,  Cs  Hs  0* ,  plus  \  eq. 

lie  acid,  C|°. 

12,  Corlamat*  of  Oxiile  of  Ethyle,  Carbamic  Ether,  Ce  H,  N  0« , 
itx,   Urtthane,  ia  furraud  by  the  action  of  amiuouia  on  the  pre- 

(ipound,  uluug  with  sal-ammoniac,   from  whioh   it  is 
by  being  subliued,  or  rather  distilled,  when  it  po^sei) 
v«r  at  a  geutlc  heat,  as  a  liquid  which  crystallises  on  cooling. 
Ill  is  rcT}'  soluble  in  water  and  alcohol,  and  yields  very  large 
ecjrstaia.      It  may  be  viewed  as  chlorooarbouic  ether,  in  which 
>'  n>,  has  been  substituted  for  the  chlorine,  C4  Ut 

+  C»  i  ^g      It  is  formed  as  follows :  C.  Hs  CTO*  +  2NH,, 

:  (S  IL,  H  CI)  +  Ct  Hi  N  0..     Berzelius,  with  much  proba- 
f^ilSi  V  n^Ti>id«Ts  it  as  a  compound  of  oxide  of  etbylu  witii  an  aeid, 
i'jwn  in  the  se|>aTato  form,  containing  the  elements  of 
i.v  i>«.id  and  carbamide,  just  us  oxamio  acid  does  those  of 
oxalic  acid  and  oxamide.     On  this  Wew  it«  rational  formula  will 
be  C  H.  0  -f  C  0,,  C  0  N  H.=  C.  :<  H,  0». 

,Oxl4a  «(  IKbxta-       C^b&ulc  Acid. 

It  U  tvmarkable  that  three  other  oompouuds,  quite  distinct  in 
3M,    liam  the  same  empirical  formula   a*    urethune    or 
ether.     These  ore   luctamide,  ur  anhydrous  lactate  of 
CoH.Ot-t-  N  lit;  tarcutuie,  CnN  lii  0*,  a  new  banc, 
1  troax  krctttine,  and  aianine,  a  compound  homologous  with 

OtataU  of  Olid,  of  Ethylt,  A«  O,  Ci  0,.    Br.s.     Oxulie 

Thi»  eUior  is  formed  by  distilling  4   jHiits  of  *u[icr- 

it/.  ..I  i-.f-nh,  f>  of  oil  of  vitriol,  and  4  of  alcohol  at  (H)  p.  c, 

iuut  with  4  times  its  bulk  of  watur,  and  waahiu^; 

.    iiiu   rthor    which   separates,    until   all  free  acid  is 

BVed.     The  ether  is  Uieu  rectilied.     It  is  a  colourless  liquid, 

»(  iip,  O.  1  UUJ,  Uiiliug  at  3U1\    1 1  bus  au  aromatic  smull.    If 
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pure,  it  may  be  kept  under  water ;  bat  if  a  trace  of  dooholl 
of  oxalio  acid  bo  prcitent,  it  is  soon  resolved  into  oxalic  acid 
aloohul  when  in  contact  with  watier.  Fixed  alkalies  canne  the 
kumc  change.  When  an  excess  of  ammonia  is  added  to  it 
oxamide  is  formed  :  where  the  ether  is  in  excess,  there  is  formed 
ft  substance  in  beautiful  pearly  tables,  formerly  called  oxaroe- 
thane,  but  now  proved  to  be  oxamat«  of  ethyle.  These  two 
reactions  are  easily  explained.  In  the  first  case,  Ae  O,  f'l  Oj  + 
N  H,  =  (Ae  0,  U  O)  +  Ci  0. ,  N  Hi ).  In  the  second,  half  tbe 
ether  undergoes  tbe  above  change^  and  the  other  half  oombinot 
with  the  oxamido  formed.  Ae  0,  C«Oa  +  CtOi,  N  H.=  Ac  0, 
C,  N  n,  0« .  Chlorine  acta  on  oxalic  ether,  giving  rise  to  prodoeti 
which  will  bo  hereafter  described  along  with  the  results  of  the 
action  of  chlorine  on  other  ethers. 

14.  Acid  OxaMr  of  Oxide  of  EthyU.  SlTf.  Oxalocinie  Arid, 
When  to  an  alcoholic  solution  of  oxalio  ether  there  i»  added 
enough  of  an  alcoholic  solution  of  potash  or  soda  to  decompoM 
the  half  of  the  ether,  double  salts  are  obtained,  of  the  formula 
M  0,  CiOj  +  Ae  O,  Ci  0».  Wlien  the  alcoholic  solution  of  the 
double  oxalate  of  ethyle  and  potash  is  treated  by  fluosiliuic  acid 
there  is  obtained  the  acid  oxalate  of  ethyle,  II  0,  Ci  0»  +  Ae  0, 
C«0»,  which  is  often  called  oxalovinic  acid.  The  salt  of  potash, 
K  (),  Ct  O,  +  (Ae  0,  C>  Os)  [oxalotinate  of  potaih),  forms 
crystalline  scales,  soluble  in  alcohol.  The  oxalovinate  of  baryta 
is  extremely  soluble,  and  may  bo  used  to  funiisli  the  other 
oxolovinatos,  by  acting  with  it  on  the  soluble  sulphates  of  ditferent 
bases. 

15.  OxamaU  of  Oxide  of  ElhyU,  C*  N  H,  Oe  =  Ae  0,  C» 
N  IIiOg=  Ae  0,  CiOi  +  Ad,  CtO>,  is  formed,  as  above  stated, 
when  ammonia  is  cautiously  added  to  an  alcoholic  solution  of  | 
oxalio  ether,  until  a  white  powder  (oxamide)  begins  to  appear. 
The  li(^uid  now   yields  fine   pearly   tabular  crystals,    formerly  ' 
called  oxamethane.     It  now   appears  to  be  oxamate  of  ethyle, 
but  may  also  be  viewed  as  oxalate  of  ethyle,  plus  oxamido.    By  I 
an    excess    of    ammonia,    it    is    convert«d    into    alcohol    asd  I 
oxamide.     The  action   of    ammonia  on  oxalio  ether   bo*   beeft] 
explained  above. 

10.  Sulphocarbonate  of  Ethyle  and  Water,  Ae  0,  11  0,  2  C  8«. 
When  bisulphurct  of  carbon  is  added  to  a  strong  aloobolie 
solution  of  potash,  a  salt  is  obtained,  in  colourless  or  yellow 
needles,  whii'h  is  a  double  sulphocarbonate  of  ethyle  and  potash, . 
K  O,  C  S.  +  Ac  0,  C  S..  When  this  salt  is  acted  on  by 
dilut<-d  sniphurio  or  hydnK'hloric  acid,  there  is  obtained  a  heavy 
oily  liquid.  This  is  the  acid  compound  in  question,  H  O,  C  .S,  + 
Ae  0,  C  8i ,  formerly  called  zonthio  acid,  from  the  yellow  oolour  I 
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iU  Mlts.  With  bases  it  gives  rise  to  double  salts,  like  that  of 
k,  jast  meutioacd,  which  wore  oaUed  xanthntcs.  The  suit  of 
nsid«  (suboxide)  of  copper  is  lemon-ytUow, 
17.  BcnzoaU  of  Oxide  of  Ethyle,  or  Benzoic  Ether,  Ae  0,  B« 
is  best  formed  by  distilling  4  ports  of  alcolinl,  2  of  bcnzoio 
mid,  and  1  of  strong  hydrochloric  acid.  The  ether  distils  over 
with  alcohol,  from  which  water  separates  it.  Wlien  pure,  it  ia 
U  oily,  oolourleas  liquid,  of  a  faint  agreeable  aromatic  odour,  and 
•rrid,  spicy  t&»te.  Its  Sp.  O.  is  1-U5>,  and  it  b'>iU  at  about 
|(l".  Chlorine  decomposes  it,  giving  rise  to  several  products, 
blj  by  substitution. 

!  JUj^nriiU  of  OxitU  of  Ethyle,  or  Hippuric  Ether,  C*  H» , 

THbOs,  is  formed  by  passing  a  current  of  hydrochloric 

trough  a  solution  of  hi[ypuric   acid   iu   alcohol,   and 

;  the  mixture  for  some  time  near  to  its  boilinfr  point.     The 

tof  water  separates  a  thick,  heavy  oil,  which  when  purified 

and  hydroolilorio  acid,  and  placed  in  vacuo,  along 

luric  acid,  forms  a  solid  crystalline  moss,  composed  of 

locedl*!!.    It  is  decomposed,  like  other  ethers,  by  alkalies, 

>  boiling  with  water. 

19.  SaJieylate  of  Oxide  of  Ethi/le,  din,  0  +  CuH«,  Os,  is 

ia«4  by  distilling  2  parts  of  alcohol,  1^  of  salicylic  acid,  and 

of  Kttlpliurio  acid.     When   puritied   from   alcohol,   aoid,   and 

ratrr,  it  is  a  colourless  oily  Uuid,  having  a  sweet  smell  like  that 

'  lh»  corresponding  compound  of  metliyle,  which  oceiirs  naturally 

oil  of  Gauttheria  procumbent.     It  is  heavier  than  water, 

It  tt  437°.     Like  the  oil  of  Gaultheria,  it  plays  the  part  of 

^dd,  forming   with  bases  crystallised  soluble  salts.     When 

nposrd  U>  a  high  temperature  with   caustic   baryta,   it  yields 

CBrbooio  acid,  and  an  oil  analogous  to  that  obtained  irom  the 

atUiylo  oomiKiund,  which  is  phenctole,  Cia  HioOa,  or  oarbolato 

de  of  ethyle.     When   fuming  nitrio  acid  is  added,  drop  by 

ito  tiie  salicylic  ether,  it  dissolves  it  with  a  deep  red  oolour: 

I  now  separates  an  oil,  which  soon  concretes  into  a  solid 

I  irbioh  when  dissolved  in  hot  alcohol,  yields,  en  cooling, 

(ilky   needles.     These   are  indiyotate  or  anilale,  properly 

tlicylate  of  oxiiU  of  ethyle,  C.  H,,  0  +  Cn  N  U.O..     By 

be  fuitluT  Qctiiin  of  nitric  aoid,  carbazolic  or  nitropicrio  aeid  is 

Bed.     Tlie  iiilrosalicylic  ethor  dissolves  in  potash  and  sod*, 

Btly  like  tiie  nalicylio  ether,  playing  the  part  of  on  acid. 

licylic  other  doe)<  not  dissolve  iu  ammonia  ;  left  in  contact 

oloM  vrsocla,  it  tinolly  disup|>ear«,  olcuhol  is  reproduced, 

ere  is  funned  a  now  product,  nitrosalioylttmidc,  Cu  N»  Hn 

^bich,  wheu  pure,   forms  brilliant  yellow  ery«tals.     When 

with  (Hitash,    nitrofuilicylamide   yields   nitrosalicylate  of 
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potash,  and  gives  off  ammunia ;  for  Cu  Ni  Ha  O^  -f  2  H  0  = 
K  lit  +  Cu  HiN  0*  H  0.  Bromine  act«  on  salicylic  ether,  |>ro- 
(luuiiig  two  vompoundfi  ;  mouobromuretted  salioylio  ether, 

Ci6  H»  Br  Oo  =  C     I  Q*    0  +  Ci.  Ha  0»:    and  bibromurett«l 

salicylio  ether,   Cw  ILi   Bn   Oe  =  C     I  Bn  ^  "^  *^'*  ^*  ^*' 

The  former  orystollises  in  fine  needles,  the  latter  in  large  pettrly 

'  scales,  which,  when  melted,  form,  on  cooling,   a  meat  beoatiful 

rystollisation,   formed  of  large  and  perfect  cubeii,  lilce   thoae  of 

bismuth. 

20.  Cyanate  of  Oxide  of  Ethyle.  Srir.  Cyank  Ether,  Ae  0, 
Cy  0  =  C«  K  Hs  0» .  Obtained  by  Wortx  by  heating  sulphovi- 
Dut«  with  cyanate  of  potash.  It  is  »  very  piunjfut,  volatile 
liquid.  The  Sp.  0.  of  its  vapour  is  2-4,  It  forms,  with  ammonia, 
a  crystalline  body,  Co  N.  H«  Oi=  N  Hs  +  Co  N  lis  Oi.     The 

Loonstitulion  of  tliis  oumpound  is  uncertain.  In  contact  with 
r  water,  cyanic  ether  yields  carbonic  acid  and  a  new  compound, 
2  (C«  N  II»0.)  +  2  H  O  =  2  C  Ot  +  Cio  N.Hu  0.,  The  hitter 
body  h  crj'stulline,  soluble  in  alcohol  and  water.  It  is  either 
butylo-urea  (u  body  homologous  with  urea),  or  diethylo-utea, 
which  is  isomeric  with  that  compound. 

21 .  Ethyta-uvea,  Ca  Ni  Ua  Oi ,  is  formed  when  cyanate  of  potaah 
is  heated  in  solution  with  sulphate  of  ethylaminc.  The  substaDO* 
tlius  formed  is  truly  homologous  with  urea  and  metliylu-tirf*. 
ltd  formation  corresponds  to  that  of  urea  from  cyanate  of  [lotaah 
tud  sulphate  of  ammouia,  K  0,  CiN  0  +  C.  HiN,  H  0,  S  0»  = 
KO,  S0.+  C.  NiH.Oi, 

22.  AUuphaiiate  of  Oxide  of  Ethi/le.     This  compound  is  fonadl 
when  the  vui>our  of  hydrated  cyanic  acid  is  brought  in  coi 
with  n  mixture  of  ether  and  alcohol.     It  forms  brilliiint  p 

■  which  may  be  puritied  from  cyamelide  by  being  diasoh'ed  is 
rV>iling  alcohol,  or  in  boiUug  water.  Its  formula  is  Ca  fiiHjiOt 
=  Ct  Us  0,  C-*  Ni  Us  0> .  It  was  formerly  supimsed  to  consist  of  3 
vqs.  hydrated  cyanuric  acid,  3  eqs.  oxide  of  cttiyle,  and  3  e<js.  of 
water;  and  it  is,  in  fact,  resolved  by  heat  into  alcohol  and 
cyanuric  acid.  But  Litbig  and  Woliler  Imve  shown  that  it  ia 
composed  of  oxide  of  ethyle  and  of  a  new  acid,  uamily,  aahydrpui 
ollophamc  acid,  C*  Ni  Ha  Oa.  The  former  view  was  qoito 
anomalous,  since  oxide  of  ethyle  unite*  only  with  anhydrous 
acids ;  nnd  the  lutt<:r,  therefore,  brings  the  compound  into  th« 
rordiuary  cotegury  of  r4jm)<ouiid  ethers. 

Allu|ihanic  acid  is  unknown  in  the  hydratr-d  or  separate  «t*t«, 
the  formula  of  which  would  be  C*  Ki  Hi  0»,  U  0  =  C«  N» 
Ha  Oa .    It  forms  cryitallisable  salt*  witli  baryta,  potash   and 
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I ;  bvt  when  we  attempt  to  isolate  it,  it  is  resolved  into  urea 
•ad  csriiOBic  aoid,  C*  Nt  H»  Oo  =  C.  N,  H»  0,  +  2  C  Oj. 
AOophMiie  acid  is  produced  by  the  action  of  2  eqs.  of  hydrated 
cfCBM  aen4  on  I  oq.  of  alonhol.  Tho  water  of  the  aloohol,  added 
to  tkf  id,  produces  tho  new  aoid,  which  oumbines  with 

tke  oi  lylo.     Thus,  2  (C.N  0,  H  0)  +  C.  lU  0,  H  0  = 


BTdnted  Cyuilo  AMd. 


AiooboL 


c«n.o  +  c»Ntn>o,. 

23.     Cyatiuratr.  (if  Oriilv  of  Ethyle.  Cy»  On ,  3  Ao  0  =  Ci«  N» 

lu  0»   (Wurt*).     Srx.     Ci/unun'c    Ether.     T\\\a  com{K>und  is 

by    heating     gnlphovinate    of    potasli    with    tribasio 

DVrste  of  potosli.     It  forma  brilliant  crystals,  melting  at  185'', 

I  boils  at  about  529*.     Tlie  density  of  its  vapour  is  7'4.     It  is 

ntnble  in  alcohol  and  ether. 

Lir  r.4  B  eomponnd,  C'u  N»  Hu  Oa,  which 

BUT  I  rio  frlhiT,  witti  2  eqs.  of  oxide  of  tthylo 

'1  Ae  O  1 
II  0  )• 
that  neither  this  nor  the  preceding  compound  are  true 
I  btcBuse  they  do  not  yield  cyanuric  acid  and  alcohol  when 
hrMtod  with  potash,  but  curbonio  acid  and  ethylamine.  If  not 
tnw  •fMnrio  ethers,   they  are  at    least  isomeric    with    suoh 

Ofidto/EthyU  and  rotastium:—C*  H.  0,  KO  =  ^*  j!"  |  q. 

6tx. — AUohalalc  of  I'olath.     This  body  is  formed  when  potoa- 
umn  mU  on  jiore  anhydrous  alcohol : 


■ad   one  of  busio   water,   Ca  N*  Os-f-* 


But  he  is  of 


CHi  "10  ,   B._C.Hs"l  0   ^   „ 


It  forms  Urge  transparent   crystals.      When    aoled    on    by 
'      r  iodide  of  clhylc,  oxide  of  clliyle  is  reproduced,  thus  • 

;  .  I  +  <-♦  "•  ^  =  C  H.  1  O  +  ^'• 


DABKa  COXTAIXraO   BTnTLB. 

1.  Sthylamiiu,  C  Ht  N  =  Nil.  Ac,  This  baM,  di««ov»red  by 
.^orta,  is  bumolon^as  with  niotliylamine,  and  is  obtained 
ezaoUy  in  tho  f>anit<  way,  by  boating  cyanic  ether,  cy&uurio  ether, 
«r  athjlo-urM  with  potuh. 
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C.H»0.  C.NO  +  2  (KO,  H0)  =  2(K0,  COt)  +  C»H.K. 

Cyuiic  Elhcr.  EthyUmino, 

We  have  only  to  treble  this  equatioa  to  explain  the  formation 
of  ethylamine  from  cyaniiric  ether.  The  fuUowiug  equatioa 
explaiui  its  production  from  ethylo-urea. 

C<iN,H.O>  +  2  (K  0,  H  0)  =  2  (K  0,  C  0.)  +  N  H.  +  C. Hi N. 

Etkylu-uno.  BUortuata*. 

Ethylomine  may  be  obtained  by  other  procesaes.  Hofmonn 
haa  produced  it  by  the  action  of  bromide  of  cthyle  on  ammouia. 

N  H.+  C.H.Br  =  UBr  + C.H.N. 

Strfcker  has  discovered  another  method  of  obtaining  it.  When 
neutral  sulphate  of  oxide  of  ethyle  is  acted  on  by  dry  ammonia, 
there  is  formed  the  ammonia  salt  of  a  new  acid,  sulphethamio 
aoid.  When  this  salt  is  boiled  with  carbonate  of  baryta  till  all 
ammonia  is  expelled,  and  the  residue  distilled  with  potash, 
ethylaminc  is  obtained.     The  solphethamio  acid  (Ci<  N  IlaOt, 

4  8  Oi  ]  yields,  when  decomposed,  several  different  product*,  mnd  j 

05  all  of  these  are  not  yet  known,  the  change  cannot  bo  npn- 1 
sented  in  the  form  of  an  equation. 

Lastly,  etbylauiiuc  is  found  in  the  basic  oU  of  ooal  tar,  and  in 
the  basic  port  of  animal  oil,  produced  by  the  distillation  of  animal 
matter ;  aud  it  appears  also  to  occur  among  the  products  of  the 
oxidation  of  some  vegetable  products.  At  all  events,  other  baiM 
of  this  scries,  such  as  methylamine,  propylamine,  and  butyla- 
mine  are  so  produced.  It  is  probable  that  many  eouioM  of 
ethylaminc  remain  to  be  discovered. 

Ethylaminc  is  a  volatile  liquid,  boiling  at  68°  F.     Its  density 
in   the   liquid   form  is  0C9(H    at  4i°   F.      The  density  of  ita 
gas  is  Vol  to  1-60.     The  density  of  its  vapour  is  1-5508.     It 
mixes  readily  with  water,  developing  heat.  It  has  a  very  pungent  J 
ammoniaool  smell,  with  something  putrid  or  erapyrcumatic.    Thill 
is  natural,  since  the  smell  of  empyreumatic  animal  oil  is  made  up] 
of  those  of  ammonia,  methylamine,  etliylamine,  &c.,  besides  other  { 
oils,  such  aa  kreosote.     It  is  also  probable  that  in  the  putrefaction 
of  animal  matter,  not  only  ammonia,  but  also  methylamine  and 
othylamine,  are  formed.     Etbylamine  has  uo  doubt  long  been 
overlooked,  from  its  great  resemblance  (o  ammonia.     It  is  powar> 
fully  rubvfuuii'nt,  and  even  caustic.     It  take6  tire  on  the  contact ; 
of  a  light,  and  burns  with  a  yellowbb  tlame. 

It  is  a  very  strong  base,  being  the  second  in  the  serie*  of  j 
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lu  rational  formula  is  Ad  Ae,  or  N  Ut  Ae,  which 
k  compared  U>  ammooia,  Ad  U,  or  N  U| ,  Q. 


Ajamcoi*, 


Hj 


ElbjUmine, 


^    1 
Ae  J 


Ltk«  methylomine,  it  is  on  amide  base  of  the  general  formula 
.V  lit  +  R,  or  Ad  II ;  R  being  hydrogen,  or  any  radical  of  the 
tuAhjhe  >eric«,  or  even  of  other  series,  such  a^  that  of  phonyle. 
It  expels  ammonia  from  ita  salts,  with  the  aid  of  heat,  and  acta 
OB  Bketallia  solutions  very  muoh  as  ammonia  and  methylamino 
ia.    Aa  exooH  of  it  dissolves  alumina  even  more  readily  than 

Hm  talta   of  ethylamine   resemble    those  of   ammonia  and 
metbj'laxaine.      It  forms  double  chlorides  with  the  ohloridea  of 
f,  gold,   and  plalioum.      The  latter   salt  forms  golden 
^CT}'stals,  more  soluble  than  the  corresponding  compouad 

rlamioe  acts  like  ammonia  and  meUiylamine  on  the  proto- 

of  platinum,  and  gives  rise  to  two  m-w  platinised  bases, 

»li»biy  to  as  many  as  ammonia.     AVurtz  compares  as  follows 

bases    of    Ui'isot    with    their    homologues    containing 

;  and  mtthylamine. 

Ammonia  wrias. 


BiMa. 


'»R'} 


Mothflo  MTlM.               Ethyle  Bcrtc 

MS;1 

fH 

f  M 

N  i  Me 

IrtJ 

N  i  Ac 

[Vlj 

H 

H  1 

NMe 

NAe 

rt 

J                        H 

Bueb. 


be  doubted  that  oil  the  other  platinised  bases  will 

bomologueti   in    the    cthylo  and   muthylo  series ;  and 

that  •imilur  compounds  may  bo  formed  with  the  other 

I  of  tho  M'rius,  homologous  with  metliylc  and  cthyle. 

I  '•thylomino  is  acted  on  by  oxalic  ether,  t)iere  is  formed 

i^ide,  homologous  with  oxatnide.      Its    formula  is  C« 

0«.      It    bi    soluble    and    or>stalli6able,  aud    represents 

p,  in  which  1  wj.  of  hydrogen  is  replaced  by  etliyle.     Its 

ion  is  aa  follows  : 

C.IhO.  COi-f  C.BTN  =  C.H.Of)-  C<NH<Ot. 

OxaltU  of  Elhyla.  AJoohul.         EthjrloxamMs. 
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The  acid  amide,  oorrospoDding  to  oxamio  acid,  probably  cxisU, 
but  has  not  yot  been  described,  as  in  the  onso  of  oiethylainiiiv 
it  has. 

2.  DiethyUimine,  C»  Hu  N  ^  N  H,  Aet.  This  is  on  imido  bate ; 
that  is,  ammonia,  in  whioh  2  eqs.  of  hydrogen  are  replaced  by 
etJiyle.  It  is  formed  by  the  action  of  bromide  of  ethyle  on 
ethylumine,  thus : 

C*HiN  +  C4H.Br=HBr  +  C.Hii  N. 

It  is  a  Tolatilo  inflammable  oil,  soluble  in  water,  and  ttreogljr 
bosio.     Its  salts  have  been  little  examined. 

If  bromide  of  cthyle  were  made  to  act  on  methylaminf,  or 
bromide  of  methylo  on  ethylamine,  it  is  quite  o«Ttain  ihat  thr 
result  would  be  the  formation  of  on  imide  base,  ethylnmetity- 
lomine  or  methylcthylamino,  C«  H»  N,  in  which  the  2  eq*.  of 
hydrogen  are  replaced  by  two  different  radioals, 

C.H.Br  +  CtH.iN  =  HBr  +  C«H.N=Kn,  Me  Ae. 

We  shall  see  farther  on  that  several  similar  imide  bases  have 
thus  beon  formed. 

3.  Tricthylamine,  CuHuN  ^  N  Aej.  This  it  a  nitrj-lc  base, 
or  ammonia,  in  which  all  3  eqs.  of  hydrugco  are  replaced  by 
ethyle.  It  is  obtained  by  the  action  of  bromide  of  ethyle  on 
diethylamine,  thus : 

»  H,  Aei  +  Ac  Br  =  H  Br  +  N  Aci,  or 
C. H.i  N  +  C.  H. Br  =  H  Br  +  C.  H«  N. 

It  is  a  light,  volatile,  inflammable  liqaid,  but  less  so  than  di«lJt]r- 
lamino,  and  it  has  strong  basic  properties.  The  double  chWido 
of  triethylamine  and  platinum  is  ver}'  soluble,  and  forma  Iarg« 
and  fine  aurora-red  crystals. 

It  is  evident  that  we  may  expect  to  obtain  other  nitrylo  ' - 

in  whidi  both  mcthyle  and  ethyle  are  present,  such  as  d 
lomethylamine,  N,  MeAci.and  dimethylethylamine,  "S,  U>-,  Ar. 
But  these,  as  well  as  trimethylamine,  X  Me» ,  ore  not  yet  known. 
We  shall  find  that  various  nitryle  bases,  however,  are  already 
known,  in  wluch  cthyle  is  associated  with  other  radicals  to  be 
afterwards  described,  namely,  amyle,  do  llu,  and  phmyln, 
C.  H.. 

The  three  ethyle  bases  above  described,  ethylamine,  diethy- 
laminii,  and  trielhylaminc,  arc  all  formed  when  bromide  of  ethyl* 
Bols  on  ammonia.  In  lliein,  the  3  eqs.  of  hydrof;ou  are  »u 
oessively  replaced  by  ethyle,  while  the  tyjie  of  ammonia  rcma 
entire.     For  all  these  basM  are  volatile,  and  in  the  highest  dc 
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FtmlffgoM  to  ammonia.  But  tbe  action  does  not  otop  Iiere,  for  a 
'  imii  ooDipuund  is  formed,  along  with  the  throe  preceding-,  and 
in  tUi,  08  we  have  seen  under  mctbyle,  the  type  is  changed,  the 
ktt  it  nu  hjnger  volatile,  but  its  bosio  properties  are  stronger 
tliu  erer. 
4-  Tttrethylium,  N  Ae* ,  is  formed  along  with  the  three  preceding 
in  the  action  of  bromide  of  ethyle  on  ammonia,  or  still 
t,  when  triethylaminc  is  acted  on  by  iodide  of  ethyle. 


rthe< 


kaod  I 


N  Aea  +  Ae  I  =  N  Ae4 1. 

oompound  N  Ae4  I  is  the  iodide  of  telrethylium,  and 
tliis  is  decomposed  by  oxide  of  silver,  iodide  of  silver  and 
of  It'trelhylium  are  formed.  N  Ae4  I  +  Ag  0  =  Ag  I  + 
f  A««  O.  The  oxide  dissolves  in  water,  and  by  evaporation  is 
OS  a  caustic  hydnite  in  crystals,  which,  like  caustic 
i,  abfiorh  woter  and  carbonic  acid  from  the  air.  The  group 
Ae«  =  C-in  H»  N,  is  really  in  ita  chemical  relations  an  organic 
neUl,  perfectly  analogous  to  ammonium  and  to  potassium.  The 
oxide  rt«embles  potash,  and  has  at  onoe  tbe  caustic  taste  of  tlmt 
aUnli  and  the  bitterness  of  quinine.  It  suponiflca  the  oils  just 
M  potoah  docji,  and  in  all  its  reactions,  on  metallic  solutiona  as 
mil  as  on  cjrganic  compounds,  it  closely  resembles  potash. 

I  corresponding  methyle  compound  the  analogies  and 
BCM  between  that  oomiiouDd  and  its  oxide  on  the  ono 
.  ammonium  and  its  oxide  on  the  other,  have  beon  fully 
I  out. 

the   hydrated  oxide  is  resolved  into  triethy- 
mnd  oleftant  gas,   N   Ae«  O,  H  0  =  N  Ae,    + 
fHO  +  C.  H.. 
Th«  salts  of  this  base  are  crystollisaUe,   but  most  of  them 
d«liqa«seent.      The    double    chloride    of  totretliylium    and 
s,  N  Ae«  CI,  Pt  Cli,  instead  of  being  more  soluble  than 
responding  salt  of  trii'tiiylomine,  is,  like  those  of  potassium 
"II,  itparingly  soluble. 
5.   .'  •  Ihylium,  Ci,  lli,  N  r=  N  Me  Ae>,  is  formed  when 

iodtdt'  v>  .MiM.yUi  acts  on  triothylomine.  It  corrvsponds  in 
dwimeters  to  tvtrethylium,  and  its  oxide  is  a  powerful  bitter 
base,  yielding  crystolliiuvble  salts  with  acids.  It  is  dcoompoted 
by  he«t,  but  the  products  have  not  been  studied.  It  will,  no 
donbt,  iier,  a  oorbohydrogen,  and  either  triothylauine, 

ermf'  ylamino. 

The  luur  (.tiiylineil  buses,  when  acted  on  by  chlorine  and 
in*,  yield  fulntitution-productii,  in  which,  however,  the 
I  eharactcr  is  lost.    This  is  evidently  beoftose  the  chlorine  or 


TRA>'8rOHMATIOKS   OF   ALCOHOL. 


bromine  introduoed   does    not    replace    the  basic   hydrogra 
ammunia,  but  some  of  the  hydrogea  of  the  etb;le.    Warts 

deaoiibed  diohlorethj-lamine,  Ct  H»  C3s  N  =  K  H*,  0*3*  |  , ud 

dibromethylamine,  KH,  >  C*  ^  |  .  Ilofmann  has  obtained  cor- 
responding substitution-products  from  tetretliylium,  in  vhiob 
the  hydrogen  ia  partially  replaced  by  chlorine,  bronune,  aaA 
iodine  ;  thry  crystallise  beautifully,  but  are  not  basic. 

According  to  Uofmann,  when  cyanic  acid  is  added  to  the 
hydrated  oxide  of  tetrethyliiun,  there  is  obtained  a  crystoUins 
body,  which  is  an  urea,  in  which  the  4  eqs.  of  hydrogea  are 
replaced  by  4  eqs.  of  ethyle. 

C<  I7i  H<  Oi  =  Crea.     0>  N>  Ae4  0>  =  Cm  K>  Hm  Os  =  Teti«tli>la-iuea. 

We  hare  thus  seen  that  ethylised  compounds  exist,  all  of 
which  are  basic,  but  which  belong  to  four  diiforent  rlaiisi  of 
bases ;  three  of  these,  tlie  amide,  imidc  and  nitryle  bases,  hang 
volatile  homologues  of  ammonia,  and  the  fourth,  or  ammoainni 
bases,  homolugucs  of  oxide  of  ammonium,  but  dili'c-ring  from  it  in 
this,  that  while  ammonium  is  resolved  into  ammonia  and  hydrogen, 
and  oxide  of  ammouium  seems  to  be  identical  with  ommunia  plui 
water,  these  ammonium  bases  have  acquired  nt-w  and  ptsnuaa&t 
characters,  ceasing  to  be  volatile  without  decompositiaB«  aad 
exactly  resembling  oxide  of  potassium. 


KBTIMOSPBOSES  OF  THB  COirPOTTSDS  OF   BTBTLS. 


i 


When  ether  or  alcohol  is  passed  in  vapour  through  a  rod-hot 
tnbe,  it  yields  aldehyde,  water,  olefiant  gas,  and  marsh-gas, 
S(C.  H.O)  =  C4H.O.  -I-  H0+3Cn. +C,  H.:  or  2  (C.H.O) 
^C«  H*  0»  +  C«  Hi  -|- C.  n«.  By  the  action  of  chloride  of  jdao 
on  alcohul,  there  are  formed  water,  and  two  liquid  carbohydrogeaa, 
Ca  H?  and  Cs  Ho,  together  Ci6  Hia,  that  is,  oleliant  gas,  or  an 
isomeric  modiiioation  of  it.  Kow  etiier  and  alcohol  both  eootain 
the  elements  of  water  and  of  olefiant  gas  ;  for  alcohol  is  C«  IlaO* 
=  2  U  0  +  C*  n.;  and  ether  is  C«H,  O  =  H  0  -f  C.H.. 

In  the  manufacture  of  ether  there  occur  two  liquids,  one  of 
which  is  calk-d  oil  of  icint,  which  is  Cu  His,  or  very  nc-srly  the 
proportions  of  olctiaut  gas,  aooording  to  the  only  analysis  w« 
have.  Tlie  other  is  called  the  sweet  or  hea%'y  oil  of  wine,  and 
is  a  compound  of  sulphuric  acid  with  ether,  and  a  body  having 
the  same  cora|x>sition  in  KM)  parts  as  oleliant  gas.  Swoet  oil  of 
wine  is  2  6  0*  +  Ae  O  -(-  €•  H.;  and  as  this  body,  CW  U  ,  is 
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the  compound  is  named  Uie  doable  Btilpbate  of 
and  of  elhcrole.  This  lutler  is  produced,  along 
with  salpboyinio  acid,  from  the  reaction  of  4  eqs.  dry  sulphuric 
acid  and  3  eqs.  ether.  4  3  0)  +  3  Ae  0  =  (2  8  0. ,  Ae  0,  H  OJ 
-f  (2  8  Os ,  Ae  0,  C«  H«  ).  The  same  oumpound  ia  fiirmed  i 
vh«D  (olphovinate  of  lime  ia  heated,  but  is  accompanied  by 
mleofaol,  sulpburuus  acid,  olcfiant  gas,  and  a  residue  of  sulphate 
at  lime  and  charcoal.  2  (Ca  0,  Ae  0,  2  S  0> )  =  (2  $  0> ,  Ae 
O,  C«  H.)  +  H  0  +  2  (Ca  0,  S  0>)  ;  and  again,  2  (Ca  0,  Ae  O, 
S  g  Oi)  =  2  (Ca  0,  8  Oj  )  +  2  8  0»  +  C^  Ha  0,  +  C  H,  +  C 

+  aHo. 

The  iweet  oil  of  wine  ia  an  oily  liquid,  quite  neutral.  It  boils 
■t  MO*,  aud  baa  the  Sp.  G.  1-13».  When  heated  with  wator  it 
give*  off  etherole  ai  an  insoluble  oil,  while  the  liquid  contains 
pare  sulphovinio  acid.  When  the  otlicrolc,  thus  separated,  is 
■ipowid  to  cold,  it  deposits  crystals  of  ethtrine,  a  compound 
iaOBMtie  with  etherole  and  with  uU-tiaut  gas. 


omc,  isETHiojnc,  UETinoxrc,  ikd  axthtosic  acids. 

These  acids  are  formed  by  the  action  of  sulphuric  acid  on  ether 
■ad  aloobol  under  various  circumstanoes.  AVhen  anbydrous  acid, 
8  Oi,  acta  on  alcohol,  or  when  oletiant  gas  is  absorbed  by  that 
diyaisU,  there  is  formed  a  compound,  2  S  0>  +  Ct  H<,  in  crystals, 
wkidi,  when  put  into  cold  water,  produce  etbionio  acid,  2  S  Os, 
Ct  III  0.  Wbon  this  solution  is  heated,  2  eqs.  of  sulphuric  acid 
•ad  1  of  alcohol  separate  from  one-half,  and  there  is  formed,  from 
ttia  odicr  half,  bethionic  acid,  2  S  Oi ,  C«  U>  0,  or  rather  Si  Ot , 
Ethionate  of  baryta,  formed  by  adding  barj'ta  to  the 
boiling,  is  2  6  Oi ,  C.  U>  0.  Ba  0.  From  it  all  the 
bionate*  may  be  made.  The  salts  of  isethionic  acid,  like 
tfaoM  of  etbionic  acid,  have  the  same  composition  in  100  parts  as 
\ha  volpbovinates ;  but  aa  they  contain  hyposulphurio  acid,  their 
farxDuIa  is  S,  0» ,  C«  H»  Oi  +  M  0.  They  crystallise  with  re- 
■Mrlnble  facility.  >Vhen,  in  acting  on  ether  with  anbydrous 
nlpburio  a<rid,  tho  mixture  gets  too  hot,  there  is  formed  a  new 
•eid,  WMihionie  aeid,  the  baryta  salt  of  which  is  Si  Ci  Hs  Oi ,  Ba 
0,  orS*  0>('i  Kt  Oi  +  Ba  O.  This  acid  apparently  bears  the 
Mme  relation  to  oxide  of  methyle,  Ci  U,  0,  as  isethionic  does  to  , 
«ftar,  C*  n>  0.  When  oil  of  vitriol  in  great  excess  is  heated  ' 
with  aloobol,  oleflant  gas  is  giyen  off,  and  the  residue  is  found  to 
eoatain  an  afv\,  the  snits  of  which  have  the  very  same  composi- 
tion aa  •  •OS,  but  differ  iu  crystalline  form.  ITiia 
mM  is  :i'  acid.  It  is  highly  probable  that  the 
altkionatce  ars  mutuTM  or  compounds  of  sulpbovinates,  ytilh. 
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isethionates,  just  as  the  salts  of  etliionic  acid  appear  t«  coni 
BulplioTiaatea  aud  isethionates  or  compouDds  isomeric  irith  1 

I  The  two  compounds  which  seem  to  be  distinct  and  indepen 

fare  sulpbovinic  acid,  (Ae  0,  H  0,  2  S  Os )  and  isethionio 
omeric  with  it,  but  probably  arranged  as  (H  O,  Ae  0»  Si  Oi); 

P  the  salts  of  the  former  being  strictly  double  sulphates  of  ethyU 
and  bases  (MO,  S  Os  4-  Ac  0,  S  0») :  and  those  of  the  latter 
being  M  0  +  (Ae  Oi ,  S«  Ot ).  Whatever  explanation  may  b« 
pven  of  the  fact,  it  is  a  fact,  that  the  ethionio  and  althionic  adds 

'  and  their  salts  have  the  same  empirical  composition  as  the  sulpbo- 
vinio  and  isethionio  acids  and  their  salts,  at  least  according  to 
the  best  analyses  we  have. 


FBODUCTB  OF  THE   OXIDATIOS  OF  ETHTLE  AKD  ITS 
DBBIVAXrVES. 


The  oxidation  of  alcohol  and  of  ether  may  be  effected  in  a 
variety  of  ways,  and  the  products  are  rather  numerous,  varying 
according  to  the  amount  of  oxygen  taken  up.  Thus  we  Iiave,  fint 
k aldehyde,  then  acetio  aoid,  formic  acid,  oxalic  acid,  and  iinally 
carbonic  acid  and  water.  The  lirst  effect  of  oxidation  is  to  destroy 
the  radical  ethyle,  giving  rise  to  a  new  and  less  complex  radical, 
aceti/le,  ^  Ct  Hs .  Afterwards  we  obtain  compounds  of  the  still 
less  oomplex  radical, /orwiyfr,  =  Ci  H,  and  lastly,  compounds  of 
tiio  simple  radicals  carbon  and  hydrogen. 

We  shall  here  consider,  first,  the  radical  aoctyle  and  it*  com- 
pounds: bearing  in  mind  that,  whQe  derived  from  the  baaio 
radical  ethyle,  aoetyle  has  no  basic  characters  whatever,  but  is, 
on  the  contrary,  a  most  distinctly  aoidlfiablo  radical,  homologous 
with  formyle. 


AOITTLI.      C«  Ht  =  Ac 

Acetyls  is  the  second  member  of  the  series  of  eleotro-negatire 
radicals,  of  which  formyle  is  the  first.  These  are  derived  from 
the  mcthyle  or  electro-positive  radicals,  by  oxidation,  which 
removes  2  eqa.  of  hydrogen  ;  thus  ethyle,  C«  II»  +  Oi  =  Aoetyle, 
C»  Hs  +  2  n  0. 

Neither  formyle,  acetyle,  nor  any  of  the  homologous  radioals  of 
tlio  series,   are  yet  known  in  the  separate  state,  but  they  ore 

sily  obtained  in  the  form  of  their  t«Toxide«,  which  are  the 
olatile  acids  of  the  former  scries,  or,  in  some  instances,  in  tha 
hair  protoxides,  which  arc  the  nldehydc<s.    They  are  also  obt^ 

I  oombination  with  chlorine,  with  amide,  and  other  substonoeaT 
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1.  BjinUA  Oxide  ot  Acetyle  or  Aldebfde.    (C<  Ha )  0,  HO  =  Ac  0,  H  0. 

Aldeliydci  is  formed  when  ether  or  aloohol  is  passed  throagh  a 

~  hot  tube,  or  when  ethor  or  alcohol  are  oxidised  by  nitric 

d,  or  \>j  chlorine,  &c.     In  these  coses  it  is  not  pure  ;  but  it 

J  be  obtained  quite  pure  by  distilling  2   parts  of  the  com- 

lond  of  aldehyde  and  ammonia  dissolved  in  2  parts  of  water, 

■long  with  a  mixture  of  three  parts  of  oil  of  vitriol  and  4  of  water, 

•nd  nctiijing  at  a  tcmjieruture  of  about  80°,  over  chloridu  of 

Mieium. 

It  is  a  clear,  ooloarless  liquid,  of  a  peculiar  and  powerful 
tllMtval  odour,  of  8p.  (i.  0'79  tit  lio",  and  boiling  at  70".  It  mixes 
ia  aO  proportions  with  water,  alcohol,  and  ether,  and  is  neutral 
and  inilunmable.  In  contact  with  the  atmosphere  it  rapidly 
I  abaerbs  oxygen,  passing  into  hydrated  acetic  acid:  for  C«  IIj, 
^■P  +  UO,  with  Oi ,  at  once  produce  C«  lis ,  Da  +  U  0  :  or  Ac  0, 
^^pO  -f  Oi  =  Ao  Os  ,  n  0.  Aldehyde  is  a  constant  ingredient  of 
^HMm  nitrooB  ether  of  the  pharmaoopoLdas. 

^F  Wbea  heated  with  eaostio  potash,  it  is  rapidly  converted  into 
tlie  brown  matter  called  rt^in  of  aldehyde.  If  gently  heated 
with  oxidu  of  silver  and  water,  part  of  the  oxide  ia  reduced 
without  effervesoence,  coating  the  glass  tube  with  a  bright 
aoc  of  silver,  while  the  water  ia  found  to  contain  a  salt  of 
xvT,  the  acid  of  which  contains  less  oxygen  than  acetic  acid: 
^^jUuhydio  or  lampio  uoid,  d  II>  Ot ,  U  O,  or  Ac  Oi ,  U  0. 

of  aldvhydute  of  silver,  if  filtered  and  heated  to 

;,*ttgain  dejioaitA  metallic  silver,  while  the  aldehydio  acid 
'S  acetic. 

on  long  kept,  even  in  scaled  tubes,  aldehyde  is  transformed 

to  two  polTmerio  modilioations,   namely,   metaldehyde,  a  hard 

'jr>jus  fuilid,  and  eluUhhijile,  which  is  liquid. 

/■  /  iiinmuniii,     Byji.  Alile/n/ilammotita.  C*  Ha,  0  + 

i    T  H  1.).     Aldehyde   has  no   basic   characters,  and  rather 

bits  a  tendency  to  the  acid  character,    in   combining  with 

ammouiii,  no  it  does  directly,  to  form  a  crystoUisod  compound. 

To  prfpuro  it,  at.  the  substance  from  which  aldehyde  is  ublaiued, 

fl  pBxti.  af  oil  of  vitriol,  i  of  water,  4  of  alcohol,  and  0  of  peroxide 

at  aumgont-sc,  in  fine  powder,  are  distilled  togutlier.     The  crude 

I  ja  twice  rectified  over  ciiloride  of  calcium  ;  it  is  now  aide- 

uoutainiug  a  little  water,  alcohol,  and  aceliu  and  formic 

and  liiii  lii^uid,   wtien  mixed  with  ether,  and  saturated 

ammoniaual  gaa,  yields  crystals  of  the  new  compound,  which 

washed  with  ether.     Those  oryUab  become  brown  on  being 

<fTeQ  ta  close  vossel^,  aud  acquire  the  smell  of  burnt  feutherx. 
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If  jierfeotly  pnre,  hcrwerer,  I  find  them  to  keep  well  for  %  year  or 
more.  They  dissolve  in  water  and  aloohoL,  bat  hmrdly  in  ether. 
Kitrat«  of  silver  forms,  in  the  concentrated  solution,  a  precipitate, 
which,  when  heated,  is  reduced. 

Thialdine.  Liebig  and  Wohler  have  very  rcocntl}'  diacOTWcd 
that  when  an  aqueous  solution  of  aldehydommonia  is  acted  n. 
by  sulphuretted  hydrogen,  a  little  ammonia  being  prev 
added,  crystals  of  a  new  compound  are  deposited,  which  has  1 
properties,  and  has  been  called  ThMdine.  It  is  producwl  by  ( 
action  of  3  eqs.  uf  aldehydammonia  on  6  eqs.  of  tnlphantted 
hydrogen.     Thus — 


8  eqi.  aldehydammonia 
and  6  eqs.  tolphnretted  hjrdrogea 

jield  1  cq.  Thialdine  . 
6  eqs.  mter 
S  eqa.  ralphnret  of  MUBOninm 


CuHti  N>0« 
H«  S* 

Cii  Hn  NiO«S< 
Cii  Hi>  N       S. 

B.       0. 

H>  Ni     Si 

Oil  HsT  NtO«S» 


Thialdine  is  almost  insoluble  in  water,  bat  very  soluble  ia 
alcohol  and  ether.  It  is  deposited,  by  spontaneous  eraporatioa, 
from  its  ethereal  solution,  in  large  and  beautiful  orystala, 
resembling  camphor.  It  ia  very  volatile  and  fusible,  has  ul 
unpleasant  aromatic  smell,  and  ia  a  powerful  base,  neut 

the   strongest    acids,  and    forming    beautiful   crystalline        

Wlicn  heated  with  hydrate  of  lime,  thialdine  yields  leueoline  or 
quinoline,  one  of  the  volatile  bases  of  coal  tar. 

When  aldehydammonia  is  acted  on  by  seleniuretted  hydrogen, 
an  analogous  basic  compound,  teUnaUiine,  is  formed  ;  and  it 
appears  probable,  from  the  experiments  of  Liebig  and  Wohler, 
that  telluretted  hydrogen  ia  capable  also  of  yielding  a  similar 
compound. 

According  to  Streoker,  when  aldehydammonia  is  acted  on  by 
bydroryonio  acid,  and  an  excess  of  hydrochloric  acid,  there  ia 
formed  a  crystalline  product,  soluble  in  water,  to  which  he  ha* 
given  the  name  of  Alanine.  It  is  homologous  with  glyooooll  or 
glyoooine,  and  with  leucine. 


Gljcocino 
Alanioo 

rnknuwii 
Leucliia 


C  N  H<  0. 
C«  S  Ht  0. 
r.  N  H.  0. 
Cio  N  Hii  0. 
0.1  N  U>.  0» 


— rf_    Wten  MW*'  "  ,   nitrogen  o"^"**  » 
__-— 4*4  into  lao""  _    .  „tt.o«. 


widB  "L  ™^t^  on  by  byP<""":">"    given  < 
•^   ^T^^l^S^acid,  nitrogen  bevngK 

O.B.O=C*^'  .     ^,,,ev«ponr 

?*«**'  :^i     ^^  ^^i«^^°*  of   aldehyde;   -^^J'oompounil 


I 


—-«-.'    ■  V.UOU  u.  it.  formula  to  ^^^^Vy  „{  iu  s^V^^ 

C^rr»tmiVw  M»t»o«  "  ,  vnown.  1>^®  ".  _,a  prisms,  'whwn 
*^!!:^trmul*«'^°*  y  U  form,  ""y  ^*SAf  notice  lhi|J 
"^!rf:e  the  po-h     !  V„g-    ^'  »•  "°-i""d.  formed  bj 


—r— ^     ,h*P"W    '\.„riV^°'^>i7ormed^.3 
•^  "^^r^W.""^  ""^rf  chlorine  ^^^T^'Hi 


^  oT«n   •!«»"" 


,ii,,  'i^  "" 
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This  indioatos  a  relation  in  the  constitution  of  these   bodie* 
'which  cannot  be  overlooked. 

3.  AcctjIoM  Acid.     (C.H»)  Oi,  H  0=  Ac  O.,  H  O. 

Stk,  AltlchyiUc  Acid.  Lampic  Aeid.  It  has  alreadj  heen 
stated  that  this  acid  is  obtained  in  combination  with  oxide  of 
eilver,  when  ahichyde  is  gently  heated  with  excess  of  tliat  oxide 
in  water.  The  solution,  when  the  silver  has  been  ae^iarated  by 
sulphuretted  hydrogen,  contains  the  acetylous  acid  very  diluted. 
It  is  very  easily  decomposed,  especially  by  heat,  into  aoetic  acid 
and  a  brown  resin,  like  that  of  aldehyde.  When  the  acetylite 
or  aldehydute  of  silver  is  deoomposed  by  baryta,  so  as  to  preci- 
pitate all  tlio  oxide  of  silver,  and  the  acetylite  of  baryta  is  tuiw 
heated  with  the  precipitated  oxide  of  silver,  the  metal  is  reduced, 
and  acrUiU  of  baryta  is  now  found  in  the  solution.  This  demon- 
tnites  the  relation  of  acetylous  to  acetic  acid :  for  Ba  O,  Ac  Oj  + 
Ag  0  ^  Ua  0,  Ao  0.  -f  Ag,  This  aoid  is  one  chief  ingredient 
of  the  acid  produced  by  the  slow  combustion  of  ether  in  the 
lamp  with  a  spiral  of  platinum  wire  on  the  wick,  the  platiniOD 
oontinuiug:  red-hot,  but  no  llume  Bpi>earing,  and  which  acid  ii 
called  laiopio  ooid. 

i.  A«tic  Add.     CHi,  0.  +H  0  =  Ac  0.,  H  0. 

Srs.  Aceti/li'c  Acid.  Pyroligneout  Acid.  Vlnrgar.  This 
important  acid  is  formed  in  two  principal  ways :  tirst,  by  th« 
oxidation  of  alcohol ;  and,  secondly,  by  the  destructive  distil- 
lation of  wood.  "Wine,  beer,  and  other  fermented  liquors,  if 
exposed  to  the  air,  under  certain  circumstances,  undergo  what 
is  erroneously  termed  the  acetous  fermentation ;  that  is,  they 
attract  oxygen  from  the  air,  undergo  eremocausis  of  tho  aloohol 
they  contain,  and,  after  a  time,  contain  no  alcohol,  but  in  its 
place  Boetio  acid  ;  they  are,  in  fact,  converted  into  vine^sar.  The 
ultimate  change  is  very  simple:  Ci  H«0>  +  O,  =  (?,  H,  0>, 
3  H  0,  ^  Ac  t>» ,  H  0  -1-  2  aq.  But  we  have  already  seen  that 
there  are  intermediate  steps  in  the  process.  The  first  effect  of 
the  oxygen  is  to  remove  from  the  aloohol,  or  rather  from  the 
ethyle  in  it,  2  eqs.  of  hydrogen,  thus  leaving  the  radical  acetyle, 
C»  Hs,  in  the  place  of  the  ethyle  (C.  H.)  O,  II  0  -f-  0,  = 
(C«  Hi )  0,  HO  -f-  2  aq.  In  this  stage,  alcohol  is  simply  con- 
verted into  aldehyde,  while  2  ei}«.  of  water  are  formed.  In  tho 
next  stiige,  th»  hj-dratcd  protoxide  of  acetyle  (the  aldehyde),  or 
I  rnther  the  radical  C«  Hi,  takes  up  2  additional  equivalents  of 
oxygen,  and  thereby  becomes  acetic  or  acetylic  acid  (C«  IL» )  O, 
H0i-0.  =  (C«H.)0,,HO. 


I 

i 
i 
I 


i 
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^^^B  0>e  pw>***  ,'  combustion,    B'''^  f;  ^^tact  of  a 

«iF«»^°    nT.cetifi'*'  ^"^^  'dor,  crcn.acau««  «^ 
^.r, rUu.  rl^^'?-!  CtUu  unde-b^eU  ,^^..^_ 

Ic,  ft»*  "" 
IJcro  tli« 


*-«'  *  r^iiao  of  its  ^^^rlUs  a  ferment,  °r.  a*        . 


■»rf«*"'  ^  L  on  it*  »'"^'^  '.w.  slow  cowbusUoo.  »" 


-,„fli«ro."^rr,  there  u.  P^";,  i„  all  ca»e»  ^h*'^;  j,^^^^^ 
»"  •V!.l«uu  or  fibrin,  at  le-t-^  -^°^,''  "^^   JU vbe 

^^jt^O"^"^'  '^"^  ThM  been  aoet.'^'^^i  '^     ^^^^  ,„  tbe 
SS--t  rbc^-i-^  ':;ro\irfer-.f  V  J';t  Endy  or 


Ni-'***""v      bTu  d^troyedorr.^-^  .^  ^^  ^^u  w  -       -^ 

b«<^«  •"     ,1  add  N«a»t  ot  tw^e  *  ^^  acetUioalwn  0  ^ 

tb*m.  «  """l"  strong  ^r'^S,  ^^-^^  "*  r      Cc««f«"y 
U  ^b  t«  n»aW«  »      ^  ^d  a  ferment  ,^.     Vy  ^^^ 

^  ^hi*ey.  7„  ^^,tain  t^'nlT  the  proU*  "^  "'"if  vroe*--''  now 
tTp*^  *'  r  Id  bole  arc  dnlUd  ,i,oalat»"n   <>'    ""^  ^^0^1- 

^  t%or--'*^*"jr^;ou,b  u>c^-^-^^ 
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95*  or  105°,  and  if  a  proper  supply  of  air  be  given,  oontinuM  it 
that  poiat  during  the  operation.  Whea  the  mixtnre  ho*  Imm 
threo  or  four  timet  passed  through  the  barrel,  it  is  found  p(v> 
1 /ectly  Boetifled :  this  may  take  plaoo  in  from  24  to  36  \uiun. 
Should  the  supply  of  fresh  air,  that  is,  of  oxygen,  be  defioieat, 
much  aldehyde  is  produced,  which,  from  its  volatility,  ia  cariiti 
ofl'  aa  vapour,  and  lost.  This  was  long  a  source  of  great  Iom  ts 
the  makers,  and  the  cause  could  not  be  traced,  until  Liebig,  b]i 
the  discovery  of  aldehyde,  explained  it,  and  showed  how  to  BToid 
the  loss,  by  giving  a  due  supply  of  air.  The  mauufocturvr  nov 
obtains,  as  nearly  as  con  be  expected,  the  theoretical  quantity  of 
Tinegar  from  his  spirits.  Any  aromatio  substance,  or  wwntiil 
oil,  or  even  a  trace  of  wood  vinegar  (contaminated  with  kreotcte) 
&c.},  will  arrest  the  progress  of  acotifioation. 

The  peculiar  pleasant  smell  of  good  vinegar,  in  addition  to 
that  of  pure  diluted  acetic  acid,  is  owing  to  the  preaeaoe  of  aoctie 
ether.  Distilled  vinegar  is  a  tolerably  pure  but  weak  aoetio  aeid; 
bat  to  obtain  acetic  acid  pure  and  strung,  we  must  h^ve  reooutw 
to  the  salts  of  aoetic  acid,  which,  when  distilled  with  moderatdy 
strong  sulphuric  acid,  yield  pore  aecUc  acid,  mixed  with  mor«  or 
len  water. 

The  pyroligneons  acid  is  contaminated  with  pyroxylio  spirit  and 
witb  oU  of  tar.    When  oombined  with  soda,  lime,  or  oxide  of 
lead,  these  salts  may  be  easily  purified  by  crystollisstion, 
by  hsating  them  so  fur  as  to  expel  or  destroy  the  oily  impi 
The  pure  salts,  dislille<l  with  sulphuric  acid,  yield   aoetio 
identical  with  that  from  true  vinegar. 

Anf)yJrous  Acetie  AciJ,  C.  Hj  Oi,  or  ,,"*  jj'q  }  •  The  an- 
hydrous acetic  acid,  or  anhydride  of  acetic  acid,  is  obtainod  by 
gradually  adJiug  oxycliloride  of  phosphorus  to  fused  acetate  of 
potash,  and  rvtuniing  several  times  tlic  liquid  which  distils  over, 
till  it  contains  no  more  oxychloride  of  acetyle,  which  is  at  first 
formed.  Or  the  oxychloride  of  aoetyle,  obtained  in  the  first 
distillation,  is  allowed  to  act  on  the  fused  acetate  of  potash. 


The  anhydride  is  a  colourless  mobile  refractive  liquid, 
pungent  odour,  like  that  of  the  hydrated  acid,  with  somethia 
hawthorn  blossom.     Its  density  at  45'^  F.  is  1-073,  or  the  i 
as  thai  of  the  hydrated  acid.     It  boils  at  290°  F.,  and  tho  doasity 
of  it*  gas  is  ;i-i7. 

J I  is  oouvorted  into  tho  hydrated  aeid  by  ooDtaot  with  waUr. , 
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I  •afcydride  forms  doable  anhydrides  with  those  of  other  acids, 
I*  bviisoio,  salicylic,  and  oumimo  acids. 
I  aoeto-bcnzoic  anhydride  is  formed  when  ohloride  of  benzoyls 
■«ts  on  soetate  of  potash. 


K.  O,  CHiOi  *  Ci4  H<Oi,a  =  KCl  + 


c. 


I- 
Hj/drated  Acttie  Acid,  radical  T'inefar,OT  Cryttallitahle  Aeetie 
mi,  Ac  Oi ,  HO,  is  obtained  by  distiUing  3  parts  of  dry  powdered 
■ide  of  soda  with  9-7  of  oil  of  vitriol,  m  pure  and  concentrated 
_  pos&ible  :  ^  of  the  acid  distils  over  by  the  heat  spontaneously 
developed  in  the  mixture ;  a  g^entle  heat  expels  the  rest.  The 
product  is  rectified  and  exposed  to  a  cold  of  23°  or  21%  whou 
crystals  of  the  hydrate  are  formed  in  a  weaker  liquid.  Tiu) 
crystals  are  allowed  to  drain,  and  then  melted,  and  again 
exposed  to  oold.  The  crystals  of  this  second  operation  ara 
gMierally  free  from  all  superfluous  water.  At  temperatures 
balow  6H',  hydroted  acetic  is  solid ;  at  62"  or  63"  it  melts,  forming 
a  liqiiid  which  sometimes  continues  liquid  at  a  much  lower 
tBmperatare,  and  then  crystallises  from  some  Tery  trilling  cause. 
Hie  8p.  O.  of  the  liquid  is  1  '063  ;  it  boib  at  248"  ;  has  a  pungent, 
peeuliar,  but  agreeable  smell,  and  a  burning  acid  taste.     It  raise* 

■  blister  on  the  skin,   and  soon   produces  a  painful  sore,  like 

■  aiinaral  add.  It  is  miscible  in  all  projiortionB  with  water, 
•leoliaU  and  ether.  It  diasolTcs  camphor  and  essential  oils ;  and 
the  aromatic  vinegar  is  a  solution  in  it  of  camphor,  with  a  little 
oil  of  lemons  and  bergamot,  &e.     Strong  acetic  acid,   in  this 

libra,  is  used  as  a  diffusible  stimulant,  applied  to  the  nostril  in 

liaiutncss  or  sickness.     It  may  be  used,  also,  externally  as  a  very 

rlui  rabcfucient  and  epispastic.     The  hydratcd  acid  is  oom- 

ble.     It  is  decomposed  by  anhydrous  sulphuric  acid,  yielding 

Tnow  of.id,  nulphitcf tic  acid :  also  by  chlorine,  yielding,  by  lub- 

[ititution,  chloracetic  acid.     The  vapour  of   acetic  acid,   passed 

lirough  a  red-hot  tube,  yields  carbonic  acid  and  acetone,  Ci  Hs 

[0,  or  C«UiiOi:  the  same  transformation  occurs  when  acetio  acid 

t  with  bases.     Acetic  acid  is,  as  already  mentioned,  the 

the  remarkable  volatile  acids  of  tho  general  formula 

C.H.O.. 

Xhe  salta  of  acetio  acid  are,  almost  without  exception,  soluble 
is  water:  the  acetates  of  silver  and  protoxide  of  mercury  are 
aporingly  soluble.  The  formula  for  the  neutral  acetates  is  MO, 
CsHsOs,  or  M,  C.H.Oi.  There  are  hardly  any  acid  salU  :  bat 
ft  MuUcTable  oiuuber  of  basic  salts,  aa  basic  acetates  of  Ifiod  and 


f  r  ■■• 

AettaU  <^  Oxidt  qf  ElhyU,  or  Actiie  Ethtr,  Ae  0,  Ae  Oa ,  is 
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ewily  prepared  by  diatilling  10  parts  of  acetate  of  soda,  16 
of  vitriol,  and  6  of  alcohol.  The  product  ia  rectified  • 
ond  chlurido  of  calcium.  It  may  alto  he  obtained  by 
any  sulphovinate  with  strong  acetic  acid.  In  either  ca«v, 
acid  is  brought  in  contact  with  nascent  ether,  and  oombinee  WU 
it.  Acetic  etlier  ia  a  colourlesi  liquid,  of  a  refreshing  odour,  tot 
combustible.  It  boils  at  ICo" ;  its  Sp.  G.  ia  0-89.  It  is  emfljf 
decomposed  by  alkalies,  yielding  an  acetate  and  alcohol.  Aeidi 
also  decompose  it.  It  is  always  present,  in  small  quantity,  ia 
wino  vinegar,  which  owes  its  flavour  to  this  compound. 

Acetate  of  Ammonia.    There  is  a  well-known   febrifuge  ud 
diaphoretic  remedy  called  the   tpirit  of  JUiadererat,  which  ti  a 
diluted  solution  of  acetate  of  ommouio,  formed  by  nentraliiug 
distilled  wino  vinegar   with   carbonate   of    ammonia.     A  nWM 
uniform     preparation,    although     stronger    than    that    nsiully 
employed  here,  is  made  by  neutralising  6  parts  of  aqua  ammon*) 
6p.  G,  0-9B,  with  strong  acetic  acid,  and  adding  enough  water  to 
make  up  21  parts.     This,  being  uniform,  con  easily  bo  roduoed  if 
desirable.     There  is  an  acid  acetate  of  ammonia,  which  Uim 
deliquescent  needles.     Acetate  of  jiotash,  KU,  AoCH,  i»  obtaiiMd 
as  a  fibrous  crystalline  mass,  very    deliiiuesceut,    which   hat  » 
warm  saline  taste.     It  is  much  used  as  a  diuretic.     When  beatali  i 
with  arsenious  acid,  it  yields  oxide  of  kakodyle,  or  orscnometbyls, 
a  compound  metal  or  basic  radical,  of  most  remarkable  compod- 
tion  and  characters,  C-«  Uo  As.     It  has  been  already  fully  de>icrili«d 
witli  its  compounda,  under  Methyle.     Acetate  of  Soda,  Na  O,  Ac 
Oj  +  6  aq.,  is  formed  from  pjToligneous  neid,  and  is  the  form  in 
which  the  acid  is  brought  in  order  to  bo  purified  from  oil  of  tar.  | 
The  salt  ia  melted  at  a  moderate  heat,  and  roasted,  tlica  n>- 
disaolved,  filtered  through  charcoal,  evaporated,   again  mirlted,  j 
and  so  on,  until  it  becomes  snow-white.     10  parts  of  Uie  crystals  J 
of  the  salt,  after  the  first  fusion,  while  still  slightly  coloured, ' 
being  distilled  with  6  of  oil  of  vitriol,  yield  what  is  collt-d  «wd 
vinegar,  sulhoicntly  pure  for  use,  but  requiring  7  waters  to  redtiM 
it  to  the  average  strength  of  ivine  vinegar.     Aoetat«i  of  barytA, 
stroatia,  and  lime,  all  crystallise  readily.     The  first  is  used  at  •  | 
t«8t ;  the  last  in  the  manufacture  of  acetic  acid  and  all  othpr 
acetates  from  pyroligneous  acid.     Acetate  of  alumina,  \ltOt,  3  \ 
Ac  Os,  prepared  by  mixing  solutions  of  alum  ond  acetate  of  lead  | 
(or  of  baryta)  ia  very  soluble.     It  is  much  used  in  the  above 
form,  containing  sulphate  of  potash,  as  a  most  valuable  mordant 
in  dyeing   and  oalioo-printiog.      When   heated  it  dr{Hi>it»  an 
insoluble  basic  salt,  which  adhere*  t«>aaoioualy  to  the  cii>lh,  andj 
afterwards  combines  firmly  with  the  colouring  matter.     'Jbo  ; 
acetate  of  alumina,  formed  from  sulphate  of  alumina  and  aoetati 
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IRwjrtx,  i*  not  so  decomposed  bj  heat,  bat  requires  tbe  presence 

>f  B  acntml  salt.     Mr.  Crum  has  minutely  studied  the  aoetates  of 

llomlnk,   uad  has  deioribod  several  remarkable  compounds,  the 

litaQ*  of    which  our  spaoe  oompcls  us  to  omit     Acetate  of 

mtmfmmetr.  Ma  0,  Ac    Q«,   formed   by  acting  on  sulphate  of 

■■aganrte  by  aoetat«  of  lime,  is  much  used  in  calico-printing, 

M  U  givra,  with  bleaching  liquor,  a  rich  bronze-brown.     Acetal4i 

rfnitt,  Zn  O,  Ao  O9 ,  -f-  3  aq.,  is  used  in  medicine  and  pharmacy, 

AataU  of  protoxide  of  iron,  Fe  0,  Ao  Oj ,  is  used  as  a  mordant. 

Afttntf  ofperoride  of  iron,  Fei  0> ,  3  Ao  Oa ,  is  formed  by  preoi- 

yi*t''tiTC  aoetat«  of  lead  with  persulphate  of  iron.     It  has  the 

)  Tslnuble  properties  as  acetate  of  alumina,  depositing  a  basic 

en  hefttcd  with  neutral  salts,  and  is  much  prized  aa  a 

Acetatt  of  lead :  a.  neutral,   Syn.   Sugar  of  lead,  is 

by  dissoWiog  litharge  in  acetic  acid,  and  crystal- 

L  bks  a  sweet  astringent  taste,  and  is  much  used  as  an 

cnt   and    styptic    in    diarrhoea,   dysentery,    and   various 

rkages.     It  is  puisonoos,  especially  where  it  forms  oar- 

Watc :  it  ought  therefore  never  to  be  given  without  ubundanoe 

of  Tiilcgar  being  taken  by  the  patient.     The  crystals  are  Pb  0, 

A«  Oi  +  3  aq.     ft.  tttquibatic,  3  Pb  0  +  2  Ac  O3 ,  soluble  pearly 

MsIm.     c.  triboiic  or  miarrtate  of  lead  is  formed  in  crystals  by 

^iv^g   1   Tol.  of  aqua  ummoniae  with   5  of   a  cold  saturated 

irfalVft*  of  the  neatrul  salt,  and  setting  it  aside.     It  forms  long 

MmTIm     The  solution,  or  Goulard's  extract,  is  made  by  digesting 

7  pufs  of  litharge  with  6  of  sugar  of  lead  and  30  of  water,   till 

Um  oxide,  which  is  not  dissolved,  has  become  white.     It  is  much 

(tatd  u  a  lotion,  and  to  precipitate  gum,  organic  acids,  albumen, 

aariae,    eztruotive    matter,    ftc,   from  organic  mixtures,   and 

tolatioit*.     Its  formula  is  3  Pb  0  -f  Ac  Os .    d.  texbatic,  formed 

Vf  ■'M'rg  the  last  or  any  of  the  previous  acetates  of  lead  to  aa 

«»e«»e    of    ammonia.      It    forms  a  crystalline    powder;    very 

ifUUfly  Dolubie,  which  is  0  Pb  0  -f  Ao  Oa.     It  usually  exists 

MMM^lead,  along  with  carbonate  of  lead. 

^^^fw«  of  Oop/ttr :   a,  neutral ;  appears  in  two  forms :  as  dark 

HpB  obliqoo  rhombic  prisms,  becoming  opaque  in  air,  Cu  0, 

Bkf^  +  aq. ;  and  as  dark  blue  transparent  crystals  of  great 

W«ty,  Cu  O,  Ao  0>  +  5  aq.     These  latter,   heated  to  86%  lose 

iM*.  »f  watvr,  aud  fall  to  a  powder  of  the  green  salt.     6.  bibntic 

Ufris,  i  Cu  0  -I-  Ac  0.  +  6  aq.  =  Cu  0,  Ac  Oi,  6  aq.  +  Cu 

[UO.     Vrrdigris  is  prepared  by  a  tedious  process,  and  is  seldom 

oonlaining  usually  ditforent  basic  acetates,     e.  iesquiba$ie, 

I  O,  2  Ae  Ot  +  G  oq.     d.  Iribanir,  6  Cu  O,  2  Ac  0» ,  +  3  aq. 

<  twa  laii  eocur  in  the  verdigris  of  commerce.     All  these  salts 
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Sekteetit/urt  or  Vienita  Oram  U  a  donble  aalt,  fomed  f>f 
and  arsenitf  of  copper,  Cn  O,  Ao  0»  +  3  (Ca  O,  As  Ot ) ;  b  f( 
when  10  ;uirta  of  Terdigm,  suspended  in  wat«r,  are  left  to 
for  24  hours,  after  mixing  them  with  a  but  solatioa  of  8  yaxU  tl 
aisenioos  acid  in  100  of  wat«r.  A  dirty  green  precipitate  But 
Kppeara,  which,  on  standing,  changes  to  a  most  beantifnl  grcra, 
BOOh  naed  as  a  paint. 

AetlmU  of  Protoxidt  of  Mtrmuy  i»  obtained,  in  t^mxkat^j 
mt^Um  flilvery  soalea,  by  adding  acetate  of  potash  to  profamitrii* 
of  acrovry,  both  hot.  It  blackens  when  cxxKoed  to  light.  It  it 
wed  in  medicine,  especially  on  the  Continent. 

Acetate  of  Siletr,  Ag  0,  Ac  Os ,  very  much  resembles  Ilia  pn* 
oeding  salt ;  it  ia  oooanonally  ued  as  a  teat.  It  ia  Tery  apniag)^ 
aoluble. 

When  acetate  of  ammonia  ia  heatad  with  exoeaa  of  aahydrvM 
phosphoric  acid,  it  loses  all  its  oxygen  in  the  form  of  water,  and 
there  distils  over  a  rolatilc  liqnid,  which  is  aettonitryle,  C«HiS, 
or  cyanide  of  methvle,  C«  H»  4-  C>  X  =  Me  Cy.  Its  formatka  k 
Tery  simple,  for  (K  H.O,  CmO.)  +  xP  O,,  =  i  P  O,,  4  H  0 
4-  CtHiN.  All  the  acids  of  the  series  d  Hd  O*  yield  similar 
produeta,  when  their  ammonia  salts  are  heated  with  aahydmoa 
phoephorio  acid,  or  when  their  amides  are  treated  in  the  ssmc  WBy. 
Formonitryle,  Cs  H  N,  is  cyanide  of  hydrogen,  or  hydrooyanie  aeM, 
and  it  ia  well  known  that  fbrmiate  of  ammonia,  when  heated,  yMd* 
water  and  hydrooyasio  acid,  .\oetonitryle,  the  next  memb«'r  nf  the 
■erieo,  ia  identical  with  cyanide  of  methyle,  and  in  this  Tiexr,  being 
a  nential  compound,  is  the  first  of  the  homologous  series  of  thv' 
nitiyles.  It  will  be  seen  that  the  nitryle  (or  nitrogen  compound) 
of  any  radical  of  the  formyle  series  ia  identical  with  the  oyaoida 
of  the  radical  one  step  lower  in  the  etbyle  seriee.  Thus 
nitryle,  C«  Hj,  If,  is  identical  with  cyanide  of  methyle,  Ci  Us,' 
C<X.  It  i3  possible  that,  higher  in  the  scale,  some  of  tlie  nil 
may  be  not  identical,  but  only  isomeiio,  with  the  correspom 
cyanides.  But  such  aa  are  hitherto  known  appear  to  be  idra' 
tical  with  those  cyanides.  Hence,  in  some  cases,  the  only  or  ^ 
best  method  of  obtaining  a  compound  of  any  given  radiotl  of 
etbyle  series,  is  to  decompose  the  ammonia  salt  of  the  amd 
teroxide  of  the  radical  one  step  higher  in  the  formyle  or  acetyl 
series,  since  a  large  number  of  these  acids,  of  the  formula  l\  Ha  0* 
or  CaHa — I  0> ,  H  0,  are  known.  For  example,  bntyratc  of  am' 
Bonia  will  yield  butyronitryle,  C«  H>  N,  which  is  cyanide 
propyle,  d  Ilr ,  C»  N.  And  from  this  body  we  may  hope  to  obtain 
the  oxide  and  hydrated  oxide  of  propyle,  the  propylio  ether  and 
propylic  alcohol  which  have  lately  been  discovered'  by  Chanoel 
the  alcohol  from  wine  or  grape  juice,  and  described  by  him.     But 
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«•  *!•  a«t  jet  able  to  do  thia ;  for  the  cyanides,  when  heated 
tfitk  !■•■*,  regenerate  the  ooids  from  which  they  w«re  obtained, 
jni  M  if  they  were  really  nitrylee,  and  not  cyanides.  This  it 
tbaagt,  nnoe  the  chlorides  of  tho  same  radicals  readily  yield, 
with  bMOB,  the  hydrated  oxides.  Some  metliod,  however,  will 
4o«Ml«M  bo  found  <if  ctiecting  the  desired  transformation. 

Aettamide,  Ct  Us  Oi,  N  Hi.  This  oompound  is  easily  obtained 
liy  the  action  of  aqueous  ammonia  on  tho  acetate  of  oxide  of 
dhyle  (ocetio  ether),  and  is  quite  analogous  to  oxamidc.  It  is 
•  white  cryttalline  fusible  solid,  which,  when  boiled  with  acids  or 
Wtoo,  t«ke«  up  2  etia.  of  water,  forming  aoetio  acid  and  ammonia. 

When  ethylamine  act«  on  acetic  ether  there  is  formed  a  com- 
ethylocetomide,  which  is  aoctamide  with  I   eq.  of  etbyle 

TT      J 

1  of  hydrogen  in  the  amide  C4  Hi  0*,  N  .    >  =  Ca  1I» 

It  is  ft  syrupy  liquid, 
■nhydmos  aoetio  acid   acts  on  cyanic   ether,   there  is 
ethylodiAcvtomide,    which  is  Cu  ILi  N  0|,    probably 

^'cTn.o.  j.c.  H,o.. 

OaoBpomids  analo);ou8  to  ethylacetamide  are  obtained  when 
HMtliylaiiiiiie,  omylamiue,  phcnylamine,  and  many  other  analogous 
baaei,  Mt  oa  aoetio  ether. 

Hyimrtt  <if  ArelyU,  C.  H.,  H  =  C4  H«.  This  compound  it 
4*aenbed  (arilier  ou  as  olvfiant  gas.  It  is  produced  in  many  dccom- 
posltjeat  of  oloihol,  acetic  acid,  aoetat«s,  ether,  &c.,  esiicoially  by 
fiTTtt  It  b  a  mombrr  of  a  homulogons  aeriet,  of  which  the  hyduret 
of  fannyle  is  the  Crst.  These  carbohydrogens,  along  with  the 
kydlinrt*  of  til«  methylic  radicals,  oocur  in  tlie  oils  of  wood  and 
M»I  t«n,  and  retemblc  each  other  in  physical  properties,  in  the 
MBM  way  as  huroolog;ous  compounds  Uiiually  do. 

Oerhardt  and  other  chemists  regard  the  true  radical  of  acetic  ooid , 
iMt  as  C*  U» ,  ac<  tyk',  but  as  C«  Ha  Oi ,  which  ihcy  call  ocetyle, 
■nalagoaa  to  ben/.oyle  Ci<  II5  Oi.  On  this  ricw,  which  is  not  at 
■0  iaprobable,  acetic  acid  will  be  (C«  Hs  0| )  0,  H  0  ;  oxyohloride 
uf  ml  J  III  will  be  chloride  of  ocetyle,  and  so  on.  Tho  formula  ore 
ifcu  ipiite  as  simple  in  this  way  as  in  that  we  have  given,  but  eitlivr 
wiD  answer  the  puqioso  of  llxing  the  facts  in  tliu  memory. 

Oerliardt  is  alM  disposed  to  consider  acetic  acid  as  formic  acid, 
ia  vhMl  1  oq.  of  hydrogen  is  replaced  by  methyle,  and  to  call 
M  BMtbTiofomio  acid.     The  formula  of  formic  acid,  according  to 

It,  when  referred  to  water,  jj  !■  q  being      jj       \  q. 

_;ii  K.  C»  (C«  n. )  Oi  (0  „,C.  Me  Oi  )  0 
*»"**  U  JO^       H         jo- 


acetic 
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In  like  manner  he  supposes  all  the  aoids  abure  noetic  uid  btk 
seriea  to  be  formic  acid,  witli  an  cthTlic  radical  in  {iWeoltti 
hrdrogea  of  the  radical  C«  H  Oi  (Gorhanlt's  formylc). 

Since  acetic  acid  is  homologous  with  formic  acid,  it  is  ( 
that  it  is  the  same  thing  -whether  we  suppose  the  etbylic  i 
replace  hydrogen  in   Gerhordt'a  formyle,    or   another  •«•  i 
radicals,  tLe  aoetylio  or  formylio,  also  oarbohydrogtn*,  to  repl«*  1 

tf  ^  fb  1 

each  other,  so  that,  2  eq«.  of  water  being  the  type,  g  >  q  twajj 

h»Te,  (Fo  =  C.  H,  Ao  =  C  Hi ,  Me  =  C  H. ). 

^^  Adds. 

^M  „  FoOi  )0„,   Ci  H  0,\0 

^V  .-^        AcOilO,      CMeOilO 

^P  AoBtic         H     jo"'         H       ;0 

r  Both  formulie  suffice  to  explain  the  similarity  uf  these  a<9dl,tMi 
perhaps  the  view  of  Oerhardt  will  be  found  to  a^ee  bett«r  vitk 
some  of  the  phenomena,  althongb  the  facts  we  are  now  to  ntoiici 
almost  dcmonslrute  that  aoetyle  exists,  and  forms  TsriMl 
compounds. 

Acetytummonium.  Xatanson  has  recently  shown  that  aMtyle, 
C<  lis ,  is  capable  of  replacing  1  eq.  of  hydrogen  in  ammoBivB, 
N  Bt ,  yielding  a  new  radical  or  compound  metal,  acetyliuimn 

ninm.    Kp    o    [  =  C-t  Ila  N.     This  is  unknown  in  the 

state,  but  its  hydrated  oxide  is  a  base. 

Hydrattd  Oxide  of  Acetylammonium,  C»  H«  N  0,  H  0, 
obtained  from  the  oil  of  defiant  gas,  C»  lit  Cl« .     AVlien  I 
which  is  the  hydrochlorate  of  the  chloride  of  acetyle,  C*  Bt  Cl, 
H  CI,  is  heated  302°  in  a  sealed  tube,  with  five  times  its  bulk  «4 
the  strongest  aqua  ammoniiK,  it  is  dissolved  and  a  yellow  liqnid 
obtained,  which  contains  sal  ammoniao  and  the  chloride  of  theoiW 

radical,  CiHsCl,  Ha  +  2NH»  =  NH*  a  +  N^g^    | 

After  the  sal  ammoniac  has  been  separated  by  orj'stallisation, 
mother  liquid,  which  contains  the  chloride  of  acetylammoni 
is  acted  on  by  moist  oxide  of  silica,   oyaporated  to  dryoMs  to 
expel  the  excess  of  ammonia ;  the  residue,  dissolved  in 
treated  with  sulphuretted  hydrogen  to  remove  some  sil' 
solved  by  the  new  base,  and  the  filtered  liquid  is  now  a 
of  the   hydrated   oxide  of   acetylammonium.      It    is  carefully 
neutralised  by  sulphuric  acid,  the  sulphate  decomposed  by  baryta 
w-ater,  taking  care  to  avoid  exoeas  of  baryta,  and  from  tlie  mass 
alcohol  dissolves  the  new  base. 
Neither  the  hydrated  oxide,  nor  its  salts  can  be  obtained  in 


thisolB 
k«4 

J 
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,  but  their  constitution  is  demonstrated  by  their  rc-aotioua. 

when  tu  the  solution  of  oxide,   hyponitrat«   of  silver  is 

1,  with  a  little  lolphario  acid,  and  heat  applied,  aldehyde  is 

Kted. 
^^ij-NO,  H0  +  NOi  =  C.H.O,  H0  +  3H0  +  Ni 

i  exactly  corresponds  to  the  action  of  hyponitrooa  ooid  on 
fliuaine,  when  alcohol  is  regienerated,  and  prove!)  Uixit  the  nev 

otind  contains  acetylo  replacing  hydrogen. 
rith    nitrate  of  silver   and  ammonia,   the  base  or  its   salts 
mirror-like  deposit  of  silver,    proving  that  hero  also 
hyde,  that  i«,  bydrated  oxide  of  aoetyle,  is  re^nerated. 
be  hydrated   oxide,  irhen  its  solution  is  dried  up,  forms  a 
yellow  amorphous  mass.     Its  solution  has  a  strong  alkaline 
ion,  and  a  feeble  caustic  taste.     When   boiled,  it  has  the 
odour  of  alkaline  leys.     The  new  base  expels  ammonia 
its  salts  and  attracts  carbonic  acid   from   the  air.     It  is, 
cfore,  like  the  hydrated  oxide  of  tetrethylium,  analogous  iu 
titution  to  hydrat(.-d  oxide  of  ammonium,  and  in  properties, 
n'llntt^d  oxide  of  (lotassium  or  caustic  {tutasb.     It  is,  however, 
I  nc^live  character  of  acctylc,  a  weak  base,  and  its  salt* 
I  stronger  acids,  are  all  tiomewhat  acid, 
researches  of  Natanson  are  not  yet  completed,  but  we 
girco  here  the  first  port  of  them,  because   they  have  an 
fl^arUmt  bearing  on  the  question  of  the  real  existence  of  tite 
ive  radicals,  fonnyle,  acetyk',  and  their  homologues.     It  is 
it  that  the  existence  of  the  base  just  described,  is  strongly 
■vour  of  the  view  which  admits  these  radicals.      Wo  may 
ct,  not  only  that  many  bases  homologous  with  this  one,  and 
:  rndicals  higher  in  the  scale,  will  bo  obtoiued,  but  also 
tiiar  comiiounds  may  be  fonutd,  in  which  two,  tliree,  or 
'  tlm  equivoltnts  of  hydrogen  in  ammonium  arc  replaced 
rle,  aoetyle,  &c.,  or  portly  by  one,  and  partly  by  another 
'»,  or  even  partly  by  these,  and  partly  by  ethylic  or 
Indioala. 

bt  b«  «xp«ct«d  that  as  hydrated  oxid»  of  tetrethylium, 
wtita  hoaUd,  yield*  tricthyUmine  and  alcohol,  N  Ae«  0,  U  0  = 

ydrated   oxide   of  aoetylammoniuia 
n  heated, 


1  yield  i 


chyde 


c.a.'}^°'  no=NHi  +  c.n.o,  ho. 


I,  perhapa,  t«k*«  place,  but  at  Uie  same  time  the  boae  is 
.  M  UiAt  a  furthar  dtcompoiitiaa  ooanot  be  aroided. 
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Nktaiuon  has  not  yet  been  able  to  obtain  usj  volatiU  ftua 

analogous  to  ethjlaaine,  &o.,   containing  acclyls,  as  repUcisf 

the  hrdrogen  of  ammonia.     And  from  the  circosutanocs  that  la 

the  aolioD  of  ammonia  on  the  oil  of  oleliant  gas,  ve  obtain,  Dst 

-  H  2 

hydrochlorate  of  aoetylamine,  ^  n*  n    >  ,  H  CI,  bat  chloriiie  of 

aoetvlammonium,  ^  n. '  n    [    CI,  he  draws  the  conclusion  that 

the  true  fundamental  bases  are  the  ammonium  bases,  such  M 
oxide  of  ammonium,  or  of  tetn-thvlium,  and  that  the  rolatile  at 
ammonia  bases  arc  merely  products  of  their  decomposition.  Hs 
infers  also,  that  the  ammonium  theory  of  ammoniaoal  compousdi 
is  the  only  true  one.  But  it  is  not  easy  to  see  how  th(>  facts 
prove  these  inferences ;  for  oxide  of  ammonium  is  unknown  is 
tlic  free  state,  and  his  own  base  does  not  yield,  when  he&te>d,  the 
]iroducts  which  we  should  anticipate.  It  would  seem  rather  that 
something  in  the  relatious  of  nitrogen  and  hydrogen  renders 
ammonia  N  Hi  ,  as  well  as  its  numerous  homologies,  very  pct- 
manent :  while  oxide,  or  hydrated  oxide  of  ammoniun  N  Hi  0, 
H  0,  is  so  insoluble  as  not  to  be  known  in  the  free  state,  on 
account  of  the  attraction  of  oxygen  fur  the  fourth  eq.  of  hydrc^en. 
In  the  ammonium  bases,  the  fourth  eq.  being  ethyle,  methyle, 
acctyle,  or  other  similar  radicals,  has  no  such  stroug  tcndeaof  lo 
combine  with  oxygen,  and  therefore  the  oompuund  moleooU  is 
more  permanent. 

It  is  worthy  of  remark,  that  hydrated  oxide  of  aoetylamino- 
nium  is  iaomerio  with  aldehydammonia  ;  for, 

Bydniiod  Oxldi  of 
AldehydommooU.  AcvtyUmmoaiunL 

C.H.O,  H  0,  N  Hi=  N  p^^*  lo,  HO 

the  empirical  formula  of  both  being  C.  Hi  N  Oi.  The  difl«- 
rences  in  their  properties  are  accounted  for  by  the  rational 
formula;  above  given,  while  the  fact  that  they  agree  in  soflw 
points,  as  in  reducing  the  salts  of  silver,  is  also  accounted  fvr  bjr 
both  oontoining  acetyle,  and  yielding  aldehyde  when  decomposed. 

ACTIOS  or  CHLOBIVK,   BBOMIITE,   ETC.,  ON  KTHTTB,   iCFTTLX, 
AlfD   THEIR   DEEIVATIVE9. 

1.  Oxido  of  Ethjrle  and  Chlorine. 

When  dry  chloride  is  made  to  act  on  ether,  with  the  aid  of  the 
aun's  rays,  there  are  produced  several  compounds.     The  first  is  a 

•vy  oily  liquid,  oxyohloride  of  acetyle,  C.  Hj  |  q^.  whioh    is 


Salts  of  etuvle  with  chlokine. 


'  acetic  acid,  with  2  eqs.  of  oxygen  replaced  by  2  erjs.  of  chlorine. 
ntli  water,  it  furins  neptio  and  hydrochloric  acids.  When  the 
Mtum  ia  {lursucd,  tliere  is  obtAined  a  oompoiind,  C«  CU  0,  which 
J^ather,  in  wliioh  all  the  hydrogen  is  replaced  by  chlorine.  The 
npound  may  be  connected  with  this  one  by  being  viewed 
'  in  wliioh  hydrogen  is  partially  replaced  by  chlorine,  Ct 

■  f«    O.    Finally  thera  is  obtained  a  oryatallisable  solid  oom- 

I  C,  n, ,  which  may  be  represented  as  C,  Cl» ,  CI,  showing 

;  tile  oxygen  of  ether  is  also  here  replaced  by  chlorine.     Tlii* 

U«t  body  ii'chloride  of  carbon,  C.  CU ,  for  C»  CU  =  2  (C.  CU ).  Bo- 

^tfccM  compounds,  there  are  others  formed  at  the  same  time, 

Scalt  to  separate,  and  which  are  doubtless  the  intenne- 

of  the  chain  of  substitutions,  beginning  with  ether, 

Hs,  O,  and  ending  with  chloride  of  carbon,  C*  CU,  CI.    The 

members  of  the  series  which   ore  more   eoxily  obtained 

'  the  kction  of  chlorine  on  chloride  of  ethyle   are  C<  H> ,  CI, 

of  ethyle :  C,  |  ^  Q:  C.  |  "» ^  CI:  C«  |  ^j*  CI:  C 

k  fn    CI :  and  as  the  compound  CU  CU  0  is  formed,  it  is  probable 

;  there  is  another  scries  beginning  yrith  ether,  and  ending  with 
CU,  0,  in  which  the  oxygen  remains  unchanged.  The  above 
I  not  all  cases  of  substitution  vrilh  preservation  of  the  type ; 

tar  tl>e    compound  C-«  ]  o.'    0,  may  very  likely  be  C«  Hj  J  p, 

belonging  to  the  type  of  acetic  ocid,  rather  than  that  of  ether, 
TImm  compounds  ore  as  yet  but  little  known  ;  it  ii  obvious  that 
Om  ujnullanrous  occurrence  of  so  many  similar  compounds  must 
raadcr  the  study  of  them  exceedingly  complicated  and  difficult. 

TIm  body,   Ci  n,  ;  p,  ,  or  oxychloride  of  aoetyle,  when  acted 

ralphuretti-d  hydrogen,   yields  two  new  compounds,  in 

its  ohloriup  is  pojlioUy  or  entirely  replaced  by  sulphur. 

oro  crystalline  :    one,   the   oxysulphurct  of  auetyle,  C»  II» 


;o 

IS,' 


forma  large  ooloorleai  priama :   the  other,  oxyohlorosul- 

(0 

tfbaiTt  of  Mctylc,  C«  lis  {  B  ,  forms  yellow  tabular  orystala. 
(Cl, 


9.  Balls  nf  Oxide  of  Ethfle  with  CUorins. 

ehlorine  acts  on  these  salts,  or  ethers,  their  oxide  of 
)  U  Bctvd  on  as  if  separate,   but  in  many  oases  the  aoid* 
eosibined  with  the  new  ohloriniscd  compounds ;  or  the 
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aoida  alio  are  acted  on,  and  the  produoU  derived  from  then 
I  oombLne  with  those  derived  from  the  ether. 

Aeelir  Ether  yields  a  compound  C'e  Da  Clt  0»,  which  may  U 

■viewed  as  C.  H»  j  ci  "*"  ^*  ^*  ^^'  *^"*^ "'  *<*'***  "^  *^  ""y* 
ohloride  of  acetyle.  When  the  compound  is  further  expoMd  to 
the  action  of  chlorine  at  a  high  temperatiire,  it  yields  a  series  of 
I  oompoundu,  in  which  its  hydrogen  is  gradually  replaced  by 
chlorine,  tUl  the  oomiwund  Cn  CI9  0,  ia  left,  which  it  oalled 
perohlorurottcd  acetic  ether.     Acetic  other  vi  Ca  Ha  O4  ;  and  «a 

have  the  acetate  of  oxj-ohloride  of  acetyle  C»  |  /.1*   O4  ;  tliCB 


(CU 


C  \^0.:  C,  jg:0.:  C.  {g»0.:  C,  (  g  O.  :  C. 
and  C<  Cl(  O*.  The  two  last  can  be  obtained,  with 
pure :   the  others,  after  C«  |  p,'  0* ,  ore  so  mixed  that 


H 


0* 


jCl, 

certainty, 

it  is  very  difficult  to  obtain  them  pure  enough  for  analysis. 

When  benzoic  ether,  Ao  0,  Bz  0,  is  acted  on  by  chlorine,  it 
loses  2  eqs.  hydrogen,  and  1  e^i.  oxygen,  and  takes  up  3  eq*. 
chlorine,  producing  a  compound  which  may  be  viewed  as  oon- 
taining  chloride  of  benzoyle  and  oxychloridc  of  acetyle,  B(  Q 

+  C»  Hj  j  p]^  =C,s  Hs  CU  0, . 

Oxalic  Ether,  exposed  to  the  action  of  chlorine,  under  the 
iniluence  of  the  direct  rays  of  the  sun,  loses  all  its  hydrogvn, 
which  is  replaced  by  chlorine.  (C«  Hj  )  0,  C«  Oi  thus  beoomes 
(C«C1»)  0,  C»  0».  The  latter  is  called  chlororalie  ether.  It  is  a 
crystallisable  solid,  fusible  at  268°.  Dry  ammonia  acts  on  it  as 
on  oxalic  ether,  producing  chloroxamethane,  a  crystalline  com* 
pound  analogous  to  oxamethane.  It  was  formerly  stated  that 
ozamothaue,  C«  Hr  N  Da ,  has  the  composition  of  oxamate  of 
oxide  of  ethyle  (C»  Ha)  0  +  C.  Hi  N  0.  ;  or  of  oxalic  ether /»/»« 
oxamide  (Ci  H.)  0,  C.  0»  +  N  Hi,  C*  Oi.  In  like  manner, 
chloroxamethane  represents  chloroxalic  ether  jiUu  oxamide :  (C* 
CI.)  0,  C»  Oj  +  N  Hi,  C.  Oi  =  Ca  Hi  CI.  N  Oa.  When  chlo- 
loxamt'tbane  is  left  in  contact  with  ammonia,  it  takes  up  2  etjs.  of 
water,  and  forms  a  new  salt,  chloroxalovinate  of  ammonia,  C« 
Cla  0,  N  H«  0,  2  C<  0» ,  which  is  very  deliquescent.  From  the 
oorresponding  salt  of  soda  the  chloroxalovinic  acid  may  be  obtained, 
which  may  of  course  be  viewed  as  an  acid  oxalate  of  the  com- 
pound C.CU"  0.  lu  formula  is  C*  CI.  0,  C  O.  +  H  (),  Ci  O,. 
By  tlie  notion  of  alcohol  on  chloroxalic  ether,  there  is  fiirra«d  a 

|Ual  oil,  Cg  Cls  Or ,  vhioh  ountains  the  elements  of  anhydrous 


aUeroxaJorinic  acid,  Ci  CN  O,  2  Ci  O9;  and  when  dissolved  in 
yifld:s  cbluToxa]oTiDat«  of  potash. 
Otrhonie  Ether,  by  the  action  uf  chlorine,  yields  two  produota : 

Bichlorurctttd  carhonio  ether,  C»  j  ^j^  0,  C  Oa  =  C«  Hs  Cl« 

;  and  2nd,   rorchloruretled  carbonic  ether,  C«  CU  O,  C  Oi 
C*  CU  0> .     The  former  i>  an  oily  liiiuid  ;  the  latter  orystal- 


CUoriJe  of  Ethyle,  {C^  Us )  CI,  when  acted  on  by  chlorine, 
i«ld«  ■  Tory  remarkable  series  of  products,  in  whicli  Uie  hydro- 
gen is  graduallr  replaced   by  chlorine,  as  mentioned  at   p.    17, 
^^D  which  1  rrfer  fur  the  formulee.     I  shall  only  here  mention  that 

^Hbe  eomjmund  there  represented  as  C«  |  p,*  ,  CI,  :=  C«  H4  di , 

^Moiltesponds   to  aldehyde,   and   is,    therefore,   probably   (C«  Hi 
'a  -4-  n  CI,  jnat  as  aldehyde  is   (C«  U>}  0  +  H  0.     In  like 

ITT 
,,.'  ,  CI  =  C*  H»  Cls ,  corresponds  to 

'  aoetio  aeid,  C*  Hi  0« .  The  action  of  potash  on  these  two  oom- 
Biinus  this  view,  according  to  which  the  former  is 
st«  of  protochloride,   and  the   latter  perchlorido,  of 


.vn  alcohol,  the  hydrated  oxide  of  ethyle,  is  subjected  to 
oontinned  action  of  chlorine,  aided  by  the  sun's  rays, 
formed,  after  a  very  tedious  operation,  a  remarkable 
and  called  chloral,  the  empirical  formula  of  which  is  C*  H 
01*  Oi  =  C«  Cla  U,  II  0.  This  compound  rfcpre»i>nts  aldehyde  or 
kjdnitod  oxide  of  acetyle,  in  which  the  hydrogen  of  the  aeetyle 
haa  boon  replaced  by  ctilurine.  It  is  an  oily  liquid,  builiug  at  lilO^, 
of  Sp.  O.  1  '002.  Like  aldehyde,  chloral,  when  kept,  is  spon- 
teiMOiudy  converted  into  an  insoluble  solid  compound,  wliich  has 
the  aame  comiio»ition  as  chloral  it«elf.  In  contact  with  water, 
is  soon  converted  into  a  solid  hydrate,  which  dissolve*  ili 
largvr  quantity  uf  water.  It  contains  1  eq.  chloral  and  2  eqs. 
When  heated  with  caustic  alkalies,  chloral  produces 
ite  of  the  alkali  and  perdiluride  of  t'ormyle,  Ct  U  Clt  0«  -4- 
^  K  O  =  (Ci  U)  Ui ,  K  0  +  (C.  H)  Cb .  The  ptTchloride  of 
fermyle,  in  oontaot  with  the  alkali,  is  partly  decoin|)OKcd,  yielding 
diladde  uf  the  metal. 

Aooordinit  to  .SUidnUr,  chloral  is  formed  when  starch  is  heated 
witli  hydrochUirio  ocid  and  peroxide  of  maugaucse. 

J'tre  Aerlic  .iriii,  when  acted  on  by  chlorine  and  the  sun'a 
>y«,  Is  ivinvcriod  into  u  vrystallLiabk'  acid,  the  ohloraoetic  acid, 
Cl>  0>  U  O.  As  uovtiu  »cid  may  be  ounsidt'nxl  to  be  aldehyd* 
2  oq«.  oxygen,  or  liydrated  {K-roxide  of  acotyle,  so  ohlotaoetio 


246 


BROMAL. 


acid  is  ohlornl  plm  2  eqs,  oxyp^n,  or  hTdrnt<>d  peroxide  ot  (."«  ri», 
which  may  bo  called  clihracctyle.  Chloracclio  aoid  foiius  tabular 
orystAla,  fusible  at  113",  boiling  at  300".  'Die  density  of  the 
liquefied  mid  at  1 13-  is  1'*317.  When  heated  with  cxivss  of  pot«&h, 
it  yields  first  carbonic  ooid  and  perchluride  of  fomiyle,  C»  Cl»  0», 
H  0  +  2  K  <  >  =  2  (K  0,  C  Oi )  +  Ci  H  Cls .  The'  percMaride  of 
formyle  is  partly  converted  by  another  portion  of  potash,  into 
formiate  of  potash  and  chloride  of  potassium.  Ci  II  Cl>  -)-  4  K  0 
=  3KC1+K0,  C.  H0». 

With  bases,  chloraoctio  acid  forms  salts  which  are  very  uulo- 
gons  to  the  acetates ;  and  it  is  very  important  here  to  obaerr*, 
that  both  in  chloral  and  chloracetio  acid,  the  substitatioa  of 
chlorine  for  all  the  hydrogen  of  the  radical  (acetyle)  of  aldehyde 
and  acetic  acid,  has  not  oifected  the  general  chemical  character*  of 
the  compounds ;  that,  in  other  words,  the  original  type  has  bcA 
retained.  Wo  have  also  seen,  in  the  preceding  pages,  amobg  tk* 
products  of  the  action  of  chlorine  on  oxide  of  ethyle  and  on  IIm 
salts  of  oxide  of  ethyle,  that  oxide  of  ethyle,  C>  Hi  O,  is  oonrerted 
into  oxide  of  chlorethyle,  Ci  Ci>  0,  without  the  typo  being  altered: 
the  oxide  of  chlorethyle  forming  with  the  acids  pre\-io\isly  eom- 
bined  with  oxide  of  ethyle,  compounds  perfectly  analoguiu  to  Uie 
ethers  from  which  they  are  obtained. 

Oiychloride  of  AcetijU,  Ct  lis  pi"  J  .    ^V^len    oxychloride    of 

phosphorus  is  gradually  added  to  fused  acetate  of  potash,  a  liquid 
distUs  over,  which  is  the  oxychloride.  It  is  a  volatile  liquid, 
boiling  at  131'',  of  a  pungent  suffocating  odour.  It  is  used  ia  ih« 
preparation  of  anhydrous  acetic  acid,  and  other  oom{)ounds. 

The  Sulphurtt  of  Ethyle  is  readily  acted  on  by  chlorine,  and 
yielda  a  yellow  oily  liquid,  of  Sp.  0.  1-673,  boiling  at  320*,  of 

n    ^' 

4  eqs.  of  hydrogen  of  the  compound,  C«  Bs  S,  are  replaced  Vy 
chlorine. 

Heavy  Muriatic  Ether  is  an  oily  liquid,  formed  by  the  action 
of  moist  chlorine  on  alcohol.  It  is  obviously  a  mixture,  and  pro- 
bably contains  aldehyde,  chloride  of  ethyle,  chloral,  and  prodnota 
intermediate  between  aldehyde  and  chloral. 

Bromal,  C*  Hn  0,  H  0.  Tliis  compound,  analogona  to 
chloral,  is  formed  by  the  action  of  bromine  on  alcohol.  It  forms 
a  hydrate  with  3  eqs.  water.  By  caustic  alkalies  it  is  tvsolved 
into  formic  acid,  which  oombiacs  with  tiie  alkali,  and  perbromide 
of  formyle. 

Iodine  does  not,  ao  tar  as  is  known,  produce  a  compound  oor- 
respomling  to  chloral  and  bromal ;  but  a  aolution  of  todtaa  in 
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■lentie],  ti«ated  with  an    olcoholio    solution    of   potash,   yields 
fanniate  of  potiish  and  periodide  of  formyle,  Ci  TI  I| . 

Hy  tlio  action   of  oblorino    on    alcohol,   holding  in  solution 

hydrocyanic  acid  on  a  metallic  cyanide,  there  is  produced  a  orys- 

I  compound,  the  empirical  formula  of  which  appears  to  be 

Nt  Cl»  Oa .     This  is  equal  to  3   eqs.    aldehyde,    2   cqs. 

of  cyanogen,  and  2  eqs.  water  ;  but  the  true  nature  of 

oompoand  is  unknown, 

derired  (torn  Alcohol,  but  of  nnceriain  coiutitntion. 

Srx.    Hyduret  of  Acettjle.    Ethyhnt.    C*  Hi  = 

C*  Hi,  H  =:  Ac  H.     This  well-known  compound  is  generally 

nt   in  coal  gas,  oil  gas,  and,   in   general,    in  all   gaseous 

aixturcs  produced  by  the  action  of  heat  on  organic  substimces. 

.  is  bi-st  obtained  pure  by  heating  1  part  of  alcohol  with  6  or  7 

oil  of  vitriol,  adding  aa  much  sand  as  will  conyert  the  whole 

Bto  a  paste,  which  prevents  the  frothing  that  would  otherwite 

oocur.      There  ia  produced  some  ether,  then  sweet  oil  of  wine, 

and   lastly,   a  mixture  of  sulphurous  acid  and   defiant  gases. 

By    pasaiog    the    gas    through  milk   of    lime,   the    sulphurous 

•did  is  removed,  and  by  then  passing  it  through  oil  of  A-itriol, 

the  ether,  alcohol,  and  water  which  may  be  present,  are  likewise 

•eparaled.      Pure    defiant  gas  has  been  already  described  (see 

Part  L) :  here  we  shall    attend  to  its  combinations,  premising 

Utat  it  is  the  second  in  a  homolo^us  series  of  carbohydrogens, 

«f  wLioh  methylene,  or  hyduret  of  f>iiroylc,  C«  H»  =  Ci  H,  H,  is 

Iba  firat.     It  is  absorbed  by  anhydrous  sulphuric  acid,  forming 

Iha  eryatalline  compound  formerly  mentioned,  2  S  Os  -(-  C*  H» , 

^Hlrkieli,  in  contact  with  water,  produces  ethionic  acid.      Wben 

^^kiscd  with  ita  own  volume  of  chlorine,  both  gases  are  condensed 

^^Bfta  liquid,  the  composition  of  which  is  Ct  H<  CU.     This  is 

^^BWUly  eomi>ound,  from  which  the  gas  was  called  defiant  gas : 

Qur  oil  is  often  called  the  oil  of  the  Dutch  chemists,  having  been 

.  by  an  ofsociation  of  chemists  in  Holland. 

When  mixed  with  2  vol.  of  chlorine,  and  sot  fire  to,  the  whole 

'  tlie  oarbon  of  the  gas  is  deposited  in  the  soliil  form  or  as  smoke, 

rbile  all  the  hydrogen  forms  hydrochloric  acid,  C*  H«  +  Cl«^ 

u  a  +  C». 

The  oU  of  defiant  gas,  or  of  the  Dutch  chemists,  C,  H*  Cl« ,  may 

vcd  as  rompoKcd  of  hydrochloric  acid,  and  a  chloride  of 

jrla:  H  V\  +  C«  H»  CI.     When  acted  on  by  an  alcoholic  sdu- 

i  of  potaah,  chloride  of  potassium  and  water  are  formed,  and  a 

Btw  compound  separates,  wliich  ia  the  prolochloride  of  aceliih,  (U 

la  CL     It  is  gateous  at  ordinary  temperatures,  has  an  allinceout 
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smell,  and  bunu,  like  all  similar  ohlorinised  compounds,  with  a 
dark  red  tiame,  edged  with  green.  AtO*  it  condenses  into  a.  liquid. 

When  this  protouhloride  of  aeetyle  is  acted  un  by  pcrohloriJ* 
of  antimony,  it  yields,  among  other  products,  a  liquid,  boiling  tl 
240°,  wliich  is  C«  Ha  Cl« ,  and  therefore  has  the  same  oomjiositioD 
as  perchloride  of  aoetyle,  formerly  mentioned.  But  the  soUoa 
of  {lotash,  dissolved  in  alcohol,  proves  that  these  two  compounds 
arc  distinct,  and  that  the  one  now  under  ooDsidcrution  is  C«  Ht 
Oil  +  II  CI.  At  all  events  it  yields  chloride  of  potassium,  water, 
and  a  very  volatile  liquid,  C,  Hi  Cl>  =  2  (Ci  H,  CI),  or  in  othar 
words,  protoohloride  of  formyle. 

By  continuing  the  action  of  chlorine,  there  is  obtftincd  a  com- 
pound C*  H«  CI.  =  Cl«  H  Cls  +  H  CI ;  which,  with  potash,  yields 
the  body  C^  II  Cls;  and  the  final  result  of  this  actioin  ia  ths 
protocliloride  of  carbon,  C-«  Cl»=  4  C  CI;  which,  however,  unites 
witli  chlorine  to  produce  the  aesquichloride,  C*  CU  4-Cls=  Ca 
=  2C»C1,. 

The  Perchloride  of  Aeetyle  has  been  already  mentioned 
product  of  the  action  of  chlorine   on  ether:    it  is  C*n>  CI> 
Ac  CU . 

The  Oil  of  Olcfiant  Gat,  Q-*  H,  Cl» ,  which  may  bo  oonsiderad 
the  hydrochlorate  of  chloride  of  acetyls,  C«  H> ,  CI  +  11  CI,  is  beat 
prepared  by  passing  defiant  gas  into  perchloride  of  antimony,  ■■ 
long  as  it  is  absorbed.  The  mixture,  if  distilled,  yields  the  oil  ia 
question.  It  is  purified  by  alternate  distillation  with  wat«r  and 
sulphuric  ^cid,  and  finally  drying  it  with  chloride  of  calcium.  It 
is  a  very  mobile  liquid,  of  a  pleasant  ethereal  smell,  and  a  veiy 
sweet  taste  ;  it  boils  at  180°,  is  insoluble  in  water,  soluble  in 
aloohol  and  ether. 

When  subjected  to  the  action  of  chlorine,  it  yields  hydrochlorio 
acid,  and  products  rich  in  chlorine.  Among  these  are,  the  hydro* 
chlorate  of  chloride  of  foruiyle,  C»  II  CI  +  H  CI,  which  distils  at 
240°,  and  the  bichloride  of  formyle,  C,  H,  CU ,  which  distils  at 
2*6°.  This  lost  is  finally  converted  into  sesquiohloride  of  oorboa  i 
for  C.  H,  CU  +  CU  =  C.  CU  +  H  CI. 

Chlortlhrral  is  the  name  given  by  D'Aroet  to  a  compound 
formed  by  the  action  of  chlorine  on  olefiont  gaa,  oontuiuiug  both 
alcohol  and  ether.  Its  empirical  formula  ia  C«  IltCl  O;  so  that 
it  may  bo  aldehvde,  plui  oil  of  olefiant  gas ;  C*  Hj  0,  U  U  -f- 
C*  Ha  CI,  H  CI  =  2  (U  H4  01  0} ;  or  oxyclUoride  of  aoetyle, j>4<m 

oxide  of  ethyle:    C*  H.  |  ^,^+ C«  H.  0=2(C4H.C10).     The 

true  nature  of  this  compound  is  unknown. 

Bromiuc  forms,  with  olefiant  gas,  a  liquid  compounil  analo* 
gous  to  the  oil  of  olefiant  gas.     Ite  formula  is  Ci  II» ,  Br  +  U  Br. 
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Iodine  forma,  with  olefiant  ^as,  a  Bolid  oomponnd,  which  would 
*pp—T  to  be  C«  n» ,  H  +  It  rather  than  C»  Ua;  1  +  H  I. 

Aitk^drfiua  Sulphuric  Acid  absorbs  olcliant  gas,  producing  a 
rtutc  cTT&talliiie  Kilid,  2  S  On  -f  C4  H« ;  which,  when  dissolred  in 
Earalcr,  lurms  with  1  eq.  of  water,  ethionic  acid,  2  S  Os  4-  C-»  H>  0 
1^  C«  III  (>i+  S7  0«.      The  origioal   orybtalline  oompouud  has 
I  MU«d  lulphacetylio  acid. 


4.  Action  of  Bichloride  of  Platiniun  on  AloohoL 

bis  action  is  rerf  complex,  yielding   aldehyde,  chloride  of 

lelbjrle,  chloride  of  acetyls,  and  other  volatile  compounds,  along 

r«riti>  a  salt,  comiiosed  of  chloride  of  platinum  and   chloride  of 

MMtfle.     It  is  possible  that  3  eqs.  of  oxide  of  ethylc,  with  4  eqs. 

«f  bioUoride  of  pktintun,  may  yield  1  eq.  aldehyde,  1  eq.  water, 

4  (f  a.  hydrochloric  ooid,  and  2  eqs.  of  the  new  salt.   3  (Ct  HsO)  + 

U  Pi  d.=  c.  u.  0,  no+no+4Ha+2(c.  mci+PtiCi). 

conuden  the  salt  to  be  C*  H4  +  2  Pt  Cl,  which  formula 
from  the  preceding  in  containing  I  eq.  hydrogen  more, 
iiti  supposes  it  to  be  C»  Ha  0  +  2  Ft  CI ;  but  Zeise  has 
ibewn  that  it  contains  no  oxygen.  It  does  not  crystallise,  but 
^—^ibCBs  a  gummy  mass,  spontaneously  decom]>osing  when  kept. 
^B  When  a  solution  of  bichloride  of  platinum  in  alcohol  is  digested 
^Htritk  a  little  bj-droclJuric  acid,  and  chloride  of  putaskium,  the 
^Hftloohol  dtBlilled  oQ',  and  the  residue  neutralised  by  carbonate  of 
^■■|gB(i!  .  II  ,^y  or)»tallisable  salt  isobtained,  which  contains  the 
^^^^^  uund,  jilua  1  eq.  chloride  of  potassium,  C«UiCl  •^• 

^^TmCi  t  i\  1 1.     SimiiuT  double  salts  are  formed  with  chloride  of 
•odium  and  chloride  of  ammonium. 

Thoc  double  salts  form  with  ammonia  a  yellow  preoipitatt, 
which  is  C.  Ih  CI,  I't  CI  +  X  lU. 


5,  Action  of  K«it  on  Acetic  Acid  and  the  Acetates. 

Ae*Umt,  Brn.  Pjfroaettic  Spirit,  Mttitic  Aleuhul ; — Formula 
CW  lis  0, — is  formed  when  ooctio  acid  is  passed  through  a  tube 
iioatssl  to  low  redness,  along  with  carbonic  acid,  carbonic  oxide, 
and  oarburetted  hydrogen :  also  when  the  acetate  of  an  alkali 
or  alkalino  earth  is  e:ipoBod  to  heat,  when  a  carbonate  is  loft. 
Hid  aootooe  disUh*  owt.  It  is  host  prc|)ared  by  distilling  a 
mixturv  of  2  ports  of  crystallised  acctute  of  lead,  and  I  part 
Its  funnation  is  easily  explained ;  fur  anhydrous 
I'l,  C-*  II*  O3,  contains  the  elumi'iita  of  I  eq.  carbuuio 
and  1  eq.  acetone.  C«  Us  Os  =  C  (>i  +  Ci  Hs  0.  Aoi'toue 
I  iennod  in  tliv  distillation  of  sugar,  of  citric  acid,  of  tartaric 
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acid,  &o.  It  is  purified  by  rectification,  until  its  boUing-poial 
becomes  constant,  at  100*.  It  is  a  clear  and  colourless  li<iuid,  of 
8p,  O.  O'T0'21,  and  has  a  peculiar  smell  and  a  pungent  to^te.  It 
is  miscible  with  water,  alcohol,  and  ether,  in  all  proportions;  ami 
is  separated  from  water  by  the  addition  of  caustic  potash,  ohloride 
of  oalciiim,  or  other  salts  insoluble  in  acetone. 

Ileati-d  with  hypochlorite  of  lime,  it  is  converted  into  carbonio 
acid  and  perchloride  of  formyle.  When  prepared  by  the  dis- 
tillation of  acetates,  acetone  is  accompanied  by  an  oily  liquid, 
Cio  Hs  0. 

Acetone  contains,  in  3  eqs,,  the  elements  of  1  eq.  carbonio  •ther 
and  1  eq.  olefiant  gas  (hyduret  of  acetyle).      C*  Hi  O,  C  Oi  + 
C«  Hs ,  H  =  Ce  H«  Os  =  3  (Cs  Ha  0) ;  or,  in  4  eqs.,  we  hare  th« 
elements  of  1  eq.  acctio  ether,  and    1  eq.   hrduret  of  acetyle: 
C*  n»  0,  C*  Ih  0»  +  C.  H,  H  =  C>i  Hi.  b.  =  4  (C.  Hi  0). 
Kane  considers  acetone  to  be  C«  H«  0«  =  C«  Hj  0,   HO;  that 
is,  the  hydrated  oxide  of  a  radical  C«  Hs ,  which  he  calls  mttttyU. 
In  this  view,  mcsityle  is  isomeric  with  proponyle,  but  analogoo*  | 
to  ethylc ;    acetone  is  analogous  to  alcohol,   and  C«  H>  0,  th«  ] 
oxide  of  mesitylc,  to  ether.      But  although  Kane  has  obtained 
this  compound,  Co  H»  0,  and  also  another,  C«  H»  G,  his  chloride 
of  mesityle,  and  although  he  has  likewise  formed  double  salts 
containing  sulphuric  acid   and   the    elements    C«  n»  O,  yet  the 
analogy  is  far  from  being  established.     It  has  not  yet  been  found 
possible  to  reproduce  acetone,  the  alcohol,  from  the  supposed  ttiir 
of  the  scries,  as  we  can  reproduce  alcohol  from  the  salts  of  oxids 
of  ethvle.     Moreover,  in  these  double  salts,  the  body  C*  Hi  0, 
does  not  act  as  a  base,  but  is  only  coupled  with  the  acid,  as 
naphthaline  in  sulphonaphthalic  acid.     We  shnll  not,  therefore, 
enter  into  minute  details  of  the  theoretical  views  alluded  to.     It 
is  sufiicicnt  to  enumerate  the  supposed  radical  me»it.i/le,  Cs  Hs; 
its   oxide,    Co  H»  O,    oxide    of  mesityle  ;    its    hydrated  oxide, 
C«  H»  0,  H  0  (acetone) ;    the  chloride  ond  iodide  of  mesityle, 
C«  H»  01  and  Co  Ho  I  ;    the  acid  salphate  of  oxide  of  mesityle,  j 
Co  Ho  0,  H  0,  2  S  Oo  (sulphomesitylic  acid) ;   the    double  salts  j 
of  this  sulphate,  the  formula  of  which  is  C«  Ho  0,  H  O,  2  MO,] 
2  S  Oo ;  and  a  compound  discovered  by  Zeise,  containing  oxide  of  I 
mesityle  with  chloride  of  platinum,  C«  Ho  0,  Pt  CI. 

The  action  of  nitric  acid  on  acetone  gives  rise  to  a  new  pro-l 
duct :  nitrite  of  oride  of  pteleyU,  Cs  H»  0,  N  Os;  phosj>horio  acid  ' 
appears  to  form  a  compound  acid  with  acetone  ;  and  when  phos- 
phorus, iodine,  and  acetone  are  distilled  together,  another  acid  isj 
obtained,  which  appears  to  contain  hypophosphorous  acid. 

When  chlorine  acts  on   acetone,  it  produces  a  liquid,  C«  ] 
Cls  Oi ,  which  is  called  mesitic  chloral. 
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Vedtylole,  Cia  Hu,  is  obtained  when  aoctone  is  distilled  with 
ftimm^  Milphmic  ooid.  It  is  an  oily  liquid,  boiling  at  327*.  Its 
fonuUion  is  as  follows : — 

8  «<|».  soetone  =  3  (C<  H<  Oi )  yield  6  H  0  -f  Ci>  Hii 

Medtj'lole,  when  acted  on  by  oMorine,  bromine,  and  nitrous 
leid,  yields  substitution  products,  as  in  the  following  table  : — 


Mwtylole 

.      Ci.        Hi. 

Trichloromentjrlole 

•     •     ^"{'^\ 

TribrtoDomMityloIe  , 

■    ■  c..{b«; 

Nitromesitjlole    . 

Diuitronio-iitjlole 

„    ;  H.o 

•     ^"  \2N0. 

TrinitrDmeaitylole 

•     •    ^"  IsNO. 

Snlphomentylio  Acid  II, 

sc  +  cjio* 

l  Hu 

Kitromcadine 

Hio 
.     C.     N  H. 

is  described  by  Hofmann.     The  baso  was  obtiiiDe<l 
t,  from  dinitromesitylolc  by  the  action  of  sulphuretted 
bfirogtn.    Thus : — 

C"  -f?vn   +6HS  =  4HO+8.+C..  -I  N  H. 
12N0.  I^^O^ 

In  all  probability  nitromesitylole  would  yield,  by  the  same 
the  base  memdine  Cis  )  v  'it  *    -^^  roader  will  observe, 

''■■  is  isomeric  with  oumolo,  mesidine  with  cumidine, 
..lino  with  nitrocumidiuc.  But  tho  two  scries  of 
^  quite  distinct     (See  table,  p.  141.) 


We  have  nnwirone  thron^h,  rery  briefly,  the  known  oompoonds 
of  nwthvlo  nnii  fthyle,  tho  two  first  mombers  of  the  homologotu 
•trios  of  «Icctro|iositivo  radicals  of  tho  formula  C«  n«+  1.  Of 
tUs  group  •oviTttl  arc  olroady  known  liighor  in  the  tcalo.  Kut  wo 
lUre  »l»o  U-oomo  ac<|ualnt(<d  with  certain  olcotroncgativo  mdioals 
«f  UK/thpr  wricK,  derived  from  those  of  tho  mctliyle  srriea,  nnrooly, 
fcrayU  and  awtylo,  and  with  the  hyd  rated  protoxides  and  aoid 
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toroxidofi  of  tlieso  lost.  Now,  both  of  these  likewise  belong  to 
homologou*  series,  to  those  of  the  oldchTcies,  and  of  the  Tolalflt 
acids  of  the  formula  (as  hydrates)  C.  iL  0«  (.=  2,  4,  6,  8,  10, 
&o.)  Now  although  we  know  but  few  of  the  compounds  homolo- 
gous with  methyle  or  ethyle,  with  ether,  or  with  alcohol,  yet  w« 
know  a  large  number  homologous  with  formic  mid  aoetio  acid*, 
from  the  existence  of  which  we  conclude  as  to  the  existeoM  of  tiie 
others.  Thus  the  acid  next  above  acetic  acid,  C«  H>  0« ,  is  propylk 
acid,  ColIoOi.  Its  immediate  radical,  propionyle,  Ca  Ht,  mnit 
be  homologous  with  aoetyle,  C*  Hn ;  but  as  acetyle  ia  derived 
from  etbylc,  so  propionyle,  Co  Hi ,  must  be  derived  from  a  radical 
homologous  with  ethyle,  jn-ojtyU,  Ca  Ui ,  and  of  this  radical  the 
oxide  or  propylio  ether,  Ca  Ht  0,  and  the  hydrated  oxide  or  pn>- 
pylic  alcohol,  Cs  U>  0,  H  0,  are  respectively  homologous  with 
common  ether  and  alcohol. 

Bodicals  with  C>. 

Propyle,  C«  Ht  .  This  radioal,  homologous  with  methyle,  is 
formed  when  butyric  acid  ia  decomposed  by  galvanism,  but  has 
not  been  much  examined. 

Oxulc  of  ProptjU,  or  Propylic  Elhtr,  C«  Hi,0.  This  oxide  is 
analogous  to  that  of  ethyle,  and  has  been  found  to  exist  by  Chaooel, 
but  is  little  known.     It  is  an  ethereal  liquid. 

UydraUd  Oride  of  P ropy U,  C  H?  0,  H  0  =Pr  0,  H  0.  Sni. 
Propylic  Alcohol. — Discovered  in  1863  by  Chancel  among  Uw 
products  of  the  fermentation  of  the  marc,  or  expressed  grapefc 
When  the  fermented  liquor  is  distilled  to  yield  brandy,  there 
obtained  an  oily  liquid,  less  volatile  than  alcohol,  which  is  a  mlxtnrr 
of  several  alcohols,  higher  in  the  series,  with  ethylio  aloohoL 
The  most  abuudant  of  these  is  the  amylio  alcohol,  but  the  pro* 
pylic  and  butylio  alcohols,  and  apparently  the  caproio  alocdiol, 
pofisibly,  also,  the  oenanthylio  alcohol,  are  present.  The  propylio 
aloohol  Is  found,  along  with  alcohol,  and  a  little  mcthylic  alcohol, 
in  the  most  volatile  part  of  this  mixture.  8ome  compound  ethenl 
are  also  present,  which  are  decomposed  by  solution  of  potash,  and 
boiling,  yielding  these  alcohols  and  acids,  the  latter  remaining 
with  the  potash.  The  propylio  alcohol  is  purified  by  rectification. 
It  is  a  volatile,  lather  fragrant  liquid,  very  simitar  to  alcohol, 
except  in  having  a  higher  boiling  point,  namely  206*  F.,  and  in 
iiut  being  misoible  with  water  in  all  proportions.  In  fact,  in  this 
alcohol,  the  oily  character  begins  to  appear,  evidently  because  the 
amount  of  carbon  and  hydrogen  is  so  large  in  proportion  to  the 
oxygen. 

In  all  its  chemioal  relations  it  resembles  aloobol,  and  it  i* 
unnecessary  tu  give  minute  details. 
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Tlw  mdico],  propyle,  combines  with  chlorine,  bromine,  iodine, 
cyaaogcB,  aulphur,  &c.,  furmiag  oom^ioundB  lumlogotu  to  those  of 
ethfic 

Propylamine,  Ca  H*  N  ^  N  Ht  Pr.  This  is  a  volatile  base, 
knwloKous  with  ammonia  and  methylamiae.  It  occurs  in 
Ofppal'a  animal  oil,  and  may  no  doubt  be  formed  by  distilling 
is..  •  of  oxide  of  propyle,  or  by  the  action  of  ammonia  on 

i_„  "pyl^-     (See  Methylamine  and  Ethylamine.)     It  is  an 

,'  peculiar  ammoniacal  odour,  which  bos  all 
Awful  volatile  base  of  the  type  ammonia. 
.liu,  the   same   funnula  as  trimc-thylamine    and 
:  ac,  but  is  a  ditferent  bubsUinco  from  both.     It  is 
U>  hu  furuiifd  when  narootine  or  codeine  is  heated  with  potash 
tioie  and  potash. 

luaine  and  Tripropylnminc  are  not  yet  known. 
U  appears  to  combine  with   arsenic,  and  will  no  doubt 
ibine  with  other  metals,  as  ethyle  does. 

Cffanide  of  Propyl*,  C*  H; ,  C,  N  ^  I'r  Cy.  This  compound  is 
Mm  suno  with  Imtyronitryle,  and  is  obtained  when  butyramide  is 
hMted  with  aiihydtuus  phosphoric  aoid.  It  resembles  cyanide  of 
•Ikyto,  but  is  leas  volatile. 

Propionyle,  C-a  Ht^  Pro.     This  is  a  radical,  homologo\u  with 

1o,  and  is  unknown  in  the  free  state.     It  is  isomeric  with 

•"•  mesityle,  and  also  with  allyle,  but  is  distinct  from  both, 

if  tlie  furiuula  of  mesityle  were  not  doubtful.     Its  compounds 

boiDologxus  with  tliose  of  acetyle. 

/,   or  Vroj,ijlic  Aldehyde,  C,  H»  0,  H  0  =  CH.  0, 
Pro  O.  H  O.     This  compound  is   among  the  products  of  the 
ifiatiun  of  albuminous  substances,  but  has  not  yet  been  much 
It  is  a  volatile  oily  li<iuid,  having  all  the  characters  of 
aldehyde,  and  when  oxidised  yielding  propylic  acid. 
Uydratcd  P,oi,<jlir  Acid,  C,  H ,  0» ,  H  0  =  C.  11,  0.  =  Pro  0, , 
O.     Thi  1  nciil,  tlio  next  above  neotio  acid   in   the  series   of 
'  >  Uii)«  0, ,  is  remarkable  as  being  the  first  of 
•'  I  exhibiU  oily  properties.     It  is  best  obtained  by 

llMtillft  oyoaide  of  ethyle  with  on  alcoholic  solution  of  |x>tash. 
pm  reaction  is  very  simple.  C^  H,,  C,  N  +  K  0  +  3  U  0  = 
II><>9,  KO-t-K  II).  Whenthapropylatoiifixitash  thus  obtained 
distilled  with  sulphuric  aoid,  propylic  ncid  posses  over.  It  very 
bios  aovlic  aoid,  but  is  less  vohitile,  and  much  Ie«s 
ibl«  with  wat<.T,  ou  which  it  lloats  in  oily  drops  when  tlie 
water  is  satiimted  with  the  aoid.  It  occurs  in  several  other  pro- 
cosM,  as  when  mMtnoolono  or  propiouo  is  oxidised,  when  sugar  in 
)M«ted  with  jKitBih,  and  also  among  tlie  products  of  the  destructive 
iltiiillation  of  wood. 


tbi 


PaOPYLAMIDE. 


It  is  also  formi-d  in  some  fermeatations,  as  in  the  fermentitiaa 
of  tartrate  of  liino,  that  of  glycerine,  and  it  is  among  the  produets 
of  the  action  of  nitric  acid  on  oils.  It  is  also  formed  when  [leaa  or 
lentils  ore  allowed  to  putrefy  under  water.  Lastly,  it  i*  pnidaocd 
when  angelic  acid  is  heatfd  with  caustic  potash. 

Propylio  acid  boik  at  284°,  and  only  dissolves  to  a  oertain 
extent  in  water.  Any  excess  floats  in  the  solution  as  oily  dtvft. 
Its  odour  ia  acid  and  pungent,  resembling  those  of  aoetio  tad 
butyric  acids. 

It*  salts  resemble  the  acetates,  bat  hare  something  of  a  ttttf 
cliaractcr.  The  propylate  of  oxide  of  ethyle  is  a  fragrant  ether. 
TheTe  exists  a  nitro-comi>ound,  nitropropylio  acid,  in  which  1  eq. 
of  the  hydrogen  of  propylic  acid  is  replaced  by  nitrous  acid,  N  Ot . 

Its  formula  is  C.  ^*q^  |  0,  ,  H  0. 

Propione,  C5U1O,  or  Cio  Hio  Oi.  This  compound,  homologooi 
>dth  acetone,  is  formed  when  propylate  of  botrta  is  heated, 
along  with  acetone,  when  sugar  is  heated  with  lime.  Wheo 
oxidised  it  yields  propylic  acid,  which  leads  us  to  prefer  tb< 
formula  Cio  Kio  Oi.  It  is  a  fragrant  oily  volatile  liquid,  and  hu 
muoh  analogy  with  acetone.  It  was  formerly  called  motaoetoM, 
and  hence  propylic  acid  was  called  metocetic  acid. 

Propiunitryie,  or  Cyanide  of  Ethyle,  C«  Hj  N  =  C,  n»,  C«  N, 
is  formed  when  propylate  of  ammonia  is  heated  with  anhydrona 
phosphoric  acii.  It  has  been  already  described  aa  cyanide  of{ 
ethyle. 

Hyduret  of  Propionyle,  Cg  Ha,  H  =  C«  n«.  This  ii  a  oariw- 
hydrogen  homologous  with  hyduret  of  ethyle  or  oli-fiant  gas.  It 
is  a  gas  much  like  olefiant  gas,  and  absorbed,  like  it,  by  chlorine. 
It  is  formed  when  amylio  alcohol  is  passed  through  a  red-l 
tube. 

With  chlorine,  bromine,  &o,,  it  yields  products  analogoiu 
those  of  ok'fiaiit  gas, 

Projjyiawidr,  C«  11.  0« ,  N  H» ,  is  analogous  to  aoetamide.  It  it 
formed  when  ammonia  act«  on  propylate  of  oxide  of  ethyle.  When 
heated  with  unhydrous  phosphoric  acid,  it  yields  propionitcyle, 
which  is  cyanide  of  ethyle. 

Ucrharilt  has  proposed  to  name  the  electropositive  radioal*  of 
the  methylio  scries,  standing  above  ethyle  in  the  lUt,  in  a  way 
which  in(licat«.'s  their  place  in  the  series.  Thus,  he  na 
pyle,  irityle,  as  being  the  third  member  of  the  series ;  butyls, 
fourth,  will  be  tetryle ;  amyle,  the  (ifth,  will  be  jtentyle,  and  so 
on.  It  is  nut  unlikely  that  this  nomencluturo  mny  l>e  aduptvd  for 
tlieac  radicals,  while  those  of  the  formylic  series  shall  ntaio 
namca  derived  from  the  acid*  in  which  they  are  supposed  to  exist. 
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It  will  be  obacrred,  Uiut  all  the  componnds  of  pmpyle,  Co  Hi , 

and  of  its  derived  radical,  propiunyle,  Cs  U^,  which,  so  far  as 

aown,  have  bi-^u  britfly  described  in  the  preceding  pages,  corw- 

ciDd  perfectly  to  those  of   methyle  and  ethylc,  oud  of  their  deri- 

atives,  formyle  and  acetyle.     Asd  it  cannot  \>o  donbted,  that  we 

L  in  time  discover  for  every  compound  of  methyle  or  of  furmyle, 

eponding  one  of  prupyle  and   propiouyle,  as  we  have  of 

I  and  acetyle.     The  properties  of  these  compounds  may  even 

be  confidently  predicted  to  a  great  ejitent.     Thus,  we  shall 

kve  a  ziuoopropyle,  a  stibiopropyle,  Ac,  with  proporties  closely 

abliug  those  of  the  ethyle  compounds. 

Before  quitting  this   subject,  it  may  here  be  mentioned,  that 

oil  of  garlic,  C, H,  S,  and  oil  of  mustard.  On HsCiN  S>,  contain 

a  Twiicaiaili/le,  Cells,  isomeric  with  propionylc,  but  not  identical 

with  it.    At  least  the  oxide  of  allyle,  which  is  known,  docs  not 

^^^0M«M  the  properties  which  we  aliould  expect  to  find  in  oxide  of 

^^■rupionyle.     It  is  probable  that  allyle  and  propionyle  may  prove 

^^Er  be  iMimeric  only, 

^V  Badiots  villi  C< . 

Bt^k,  Cs  H>  =  Bo.    Stx.   Valj/le.—Thia  radical,  discovered 

by  Koibe,  i«  obtained  among  the  product*  of  the  decomposition,  by 

the  galvanic  current,  of  valerianic  or  valeric  acid,  CioHioO*: 

titus;  Cio  Iho  0>  =  Cs  H>  +  2  C  0>  +  H.      It  is  a  colourless 

transparent  liquid,  of  an  agreeable  ethereal  smell,  and  a  taste  at 

first  slight,  afterwards  burning.     It  is  insoluble  in  water,  soluble 

in  alooiiol  and  ether.     It  boils  at  226°  i'.,  is  inflammable,  and 

bums  with  a  luminous  but  smoky  flame,     Ita  density,  in  the 

I       liquid  state,  at  64°,  is  0  694  ;  that  of  its  vapour  is  4  053. 

^K    "When  oxidised  by  nitric  acid,  it  yields  butyric  acid  and  nitropro- 

^Hpylic  acid.  In  the  formation  of  butyle  by  the  electrolysis  of  valerate 

^Vm  potash,  it  appears  at  the  positive  pole,  and  as  the  oxygen  of 

^r  decomposed  water  meets  it  there,  it  is  oxidised  in  a  peculiar  way, 

yielding  oxide  of  butyle,  which  combines  with  a  portion  of  tlie 

TalAianic  acid,  forming  valerianate  of  oxide  of  butyle,  Cs  H»  0, 

Cio  H*  0>  ^  Cu  Hit  Ot.    If  this  compound  could  be  obtained 

I  in  sufficient  quantity,  it  would  enable  us  to  ascertain  the  pro- 

erties  of  the  hydrated  oxide  of  butyle,  or  butylio  alcohol,  and 

probably  also  of  the  oxide  of  butyle  or  butylio  ether.     Kolbe  was 

only   able   to   obtain   evidence  of  the  existence  of  the   butylio 

ileohol,  formed  when  the  above  compound  is  heated  with  alcoiiolio 

lulion  of  iwtash,  C.  U.  O,  Cio  H.  Os  +  K  O,  n  0,  =  K  O,  Cio  H» 

1  +  CtHoO,  U  0,     He  has  further  obtained  the  carboliydrogen, 

t^H*,  biimologous  with  defiant  gas  and  with  propylene.     It  is 

buXj/Une,  and  in  properties,  and  in  its  relation  to  chlorine, 
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&o.,  resembles  its  homolognes.     It  occurs  in  the  oO  of  oil  gn, 
probably  also  iti  that  of  coal  gas. 

But  'Wurtz  bos  fouud,  among  the  pnodaots  of  the  fcrmental 
of  potato  starch,  the  butylie  alcohol. 

Hydrntcd  oxide  of  butyle  (tetryle),  CH.O,  H  O  =  Ba  0,  HO. 
Syn.  Butylie  oloohol.  Koond  in  the  oil  of  potato  spirit.  The* 
oils  ooutain  much  amylic  alcohol.  Bat  if  the  mor«  volatile 
portions  be  collected  si-parately,  aud  purified  by  reotiiieation,  tiien 
are  obtained  alcohol,  traces  of  propylio  alcohol,  and  a  certain 
quanlit}'  of  butyUo  alcohol.  When  pure,  this  compound  boib  it 
233°,  and  is  a  liquid,  lighter  than  water,  in  which  it  disaolrts 
only  sparingly,  the  excess  floating  in  oily  drops.  Its  oduar  is 
analogous  both  to  that  of  alcohol  and  of  amylic  alcohol.  Whao 
fused  with  potash,  it  is  converted  into  butyrate  of  potash,  hydrogoi 
being  given  off.  With  oil  of  vitriol  it  forms  an  acid  sulphate  of 
oxide  of  butyle,  or  sulpho-butylio  aoid,  Ba  0,  H  O,  28  0» . 

The  oxide  of  butyle,  or  butylie  ether,  is  not  yet  well  known. 

Hydrotutphuret  of  lulphuret  of  butyle,  or  butylie  mervafllan, 
Bu  S,  H  S  =  C«H»S,  H  S,  seems  to  be  formed  when  sulphur  is 
heated  with  olive  or  almond  oU.  At  least  a  mixture  is  then 
obtained,  which  contains  a  liquid,  having  a  most  offensive  gariio 
odour,  and,  like  mercaptan,  forming  compounds  which  cryvtelliw 
with  salts  of  mercury  and  some  other  metals.  The  butylin  o< 
oaptan,  however,  has  not  been  obtained  in  a  state  of  perfect  purity. 

When  the  sulpho-butylate  of  potash  is  distilled  with  eyanate 
of  potash,  there  is  obtained  a  mixture  of  cyannte  and  cymitiistcj 
of  oxide  of  butyle.  And  when  this  mixture  is  heated  with 
potash,  butylamine  is  formed. 

Chlorule  of  butylr,  C«  Hv  CI,  =  Ba  CI,  is  formed  when  p«r-1 
chloride  of  phosphorus  oota  on  butylie  alcohol.  It  is  aa  yet  litda 
known. 

Cyanide  of  BulyU,  Cio  IIiiN  =  CsHs,  CiN,  ia  identical  with 
valeronitrj'le,  which  see. 

Butylamine,  Ca  Hti  N  =  N  II>,  Cs  H*.— This  base  has  beea 
discovered  by  Anderson  in  the  basic  part  of  Dippel's  animaTvil, 
along  with  ethylamine,  methylamine,  propylamine,  and  other 
bases  of  the  same  series,  besides  some  bases  of  other  teriec. 
This  is  an  amide  base,  and  it  is  isomeric  with  two  imidc  hoses, 
namely,  diethylamine  and  methylopropylominc,  and  also  witit  a 
uilryle  base,  namely,  ethylodimethylamine.  The  foUowing  table 
will  show  this : — 
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thcae  b&ses  are  distinct,   and  the  same  law  of  isomeric 
ietjr  prevails  througliout  this  scries  of  bases,  the  variety  in- 
aag  as  we  rise  in  the  scale,  two  new  isonierio  forms  being 
.  at  each  step. 

irlamine  is  less  volatile  than  propylamine,  oily,  and  power- 
aie.     It  is  still,  however,  bo  volatile,  that  Anderson  first 
it  petininc,  from  its  volatility.     It  will  probably  be  found 
)  oocur  in  various  decomjKisitions,  and,  like  ethylamine,  to  yield 

ititiition-products  with  chlorine,  &c. 

I  We  are  not  yet  acquainted  with  any  radicals  in  which  bntyle, 

(H.,  U  united  with  metals;  but  we  cannot  doubt  that  such 

Bpounds    will    be    discovered,    homologous    with     kalcodyle, 

Ibvtiiyle,  &c.      Indeed  a  compound,    containing    arsenic,    haa 

I  derived  from  butyric  acid,  but  its  nature  is  not  yet  exactly 

\liyle,  C«  IIt  .     This  radical  is  not  yet  known  in  the  separate 

It  is,  however,  homologous  with  acctyle,  formyle,  and 

Dyle.     Its  hydrated  oxidi>,  or  butyraldehyde,   called  also 

ttyral,  homologous  with  aldeliydc,  is  known, 

JTyJuret  of  butyryle,  C»  H» ,   H  =  0,  Hs .      Syn.  Butylene, 

rione.     This  compound,  homolo^cous  with  olefiaut  gas,  and 

'  liydnrct  of   propionyle,  is  found    among  the  products  of 

Dmpo»itian  of  oils  by  a  red  heat,  or  of  the  action  of  a 

ire  of  lime  and  potash,  aided  by  heat,  on  oily    acids   of 

i{h  atomic  weight.     It  is  a  gas  ot  the  ordinary  ttmjKTiiture,  but 

ndcnsible  by  cold.     It  boils  below  32°.     The  density  of  the  gas 

l-t»26.     It  yields,   with   chlorine   and    bromine,    compounds 

Jogous  to  those  yielded  by  oleflant  gas.     There  con  be  no 

nbt  that  this  substance,    butylenc,    is  a  constant  ingredient, 

bth  of  coa]  and  oil  gases,  and  aUo  of  the  more  rolatilu  parts  of 

I  oil  of  wood,  coal,  or  oil  tars. 

aUH  Oxide  of  ButyryU,  (\  ITj  0,  H  O  =  C  H.  0. .     This 

and  was  found  by  Ouoki  IbertfiT,  among  the  products  of  the 

atioQ   of    fibrine,    albumens,    &o.,   by    eulphurio    ocid    nnd 

lo  of  manganese,  or  bichromate  of  iwtash.     Chancel  has 

innd  a  oomjiound  of  the  some   C(ira|iosition  by  distilling 

■tyrat<-  of  lime,  and  which  ho  call*  butyral ;  but  it  appeart 

at  Iho  lottcr  is  isomeric  only,  not  identical,  witli  the  former, 

eb   i«  lh«  true  aldehyde  of    butyric  acid.     It  is  perfectly 

ilo^QS  to  aldehyde  in  its  relation  to  potash,  to  oxide  of  silver, 

I  Bfflmonia,  and  to  oxygen,  yieldin;;,  when  oxidised,  butyric  acid. 

J>oiU  at   li«*  to   ldo\  ond  its  dcuniiy  at  liO' is  (f8.     Its  cotn- 

i  with  ammoniii  '^  i"1d,  nith  solpbarottcd  hydrogen, 

bnm»lfi;pOua  v,  lO. 

Acid,    C«    11;  t'j,   HO.      This    acid,    the    hydrated 
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teroxide  of  butyryle,  U  the  fourth  in  the  seriea  of  Tolatile  oily ' 
toids  (On  Ha )  *  0< .  It  exists  in  butter,  in  small  qoanUty,  ccna- 
bined  with  oxide  of  glyoeryle  (oxide  of  lipyle),  to  whioh  ma- 
pound  tho  flavour  of  butter  is  chiefly  to  be  aMribed,  th«  gnil 
mass  of  butter  being  tasteless  and  inodorous. 

Anhyilroun  liulyric  Acid,  C*Hi  Oi,  is  obtained  by  the  Mtkm 
of  oxy chloride  of  butyrylo  on  butynte  of  potash,  Cs  Hr  0>,  KO 

4-  C  H7  ^M  =  KCl  +  2  CHrO.. 

It  it  »  mobile,  highly  refraotive  liquid,  lighter  thoji  wnter, 
boiling  at  3~2°  F. ,  of  a  pleasant  ethereal  odour.  It  is  oonT«rtcd,  \j  ^ 
contact  with  water,  iuto  the  hydrated  acid.     With  »""""""  itV 
forros  butyramide,  and  with  aniline  butyranilide.  ~ 

To  prepare  the  hydrated  acid,  sugar  is  dissolrcd  in  4  puti  of 
water,  and  some  pressed  curd,  which  has  been  exposed  to  the  lir 
for  a  time,  is  added  along  with  a  quantity  of  prepared  obalk. 
The  whole  moss  is  kept  at  a  temperature  of  from  76°  to  85*  F. 
After  some  days,  the  whole  becomes  solid  by  tile  formation  of 
lactate  of  lime ;  but  if  the  operation  be  continued,  and  water 
added  to  supply  tlie  phioe  of  that  lost  by  evaporation,  it  again 
becomes  liquid,  the  lactate  disappears,  and  butyrate  of  lime  is 
formed.  With  4  lbs.  of  sugar  I  have  sccu  the  change  complete  in 
a  fortnight.  At  other  times  it  has  lasted  six  weeks.  Tliis  de- 
peiids  on  changes  of  temperature ;  for,  with  a  steady  heat  of  85*  b 
or  even  90%  it  proceeds  rapidly.  H 

The  mass  is  warmed,  passed  through  a  eloth,  and  the  rccidtia  ^? 
well  washed  ;  the  liquors,  united,  are  evaporated,  and  the  bu- 
tyrate  crystallises  on  cooling  from  the  oonoeotrated  solution. 

The  salt  is  then  dissolved  in  water,  and  to  this  solution,  or  to 
the  original  solution  when  of  a  proper  volume,  carbonate  of  soda 
is  added,  which  converts  the  butyrate  of  lime  into  butyrate  of 
•oda,  and  carbonate  of  lime.  To  this  solution  of  butyrate  of  soda, 
sulphuric  acid,  previously  diluted  with  its  own  weight  uf  water, 
is  added  in  excess,  and  the  greater  part  of  the  butyrie  acid  riaM 
to  the  surface  as  an  oU,  while  some  remains  dissolved  in  the 
liquid.  The  oil  is  drawn  off,  and  the  liquid  distUled  as  long  aa  it 
yields  any  butyric  acid.  This  is  added  to  the  rest,  and  the  whole 
purified  by  rectification. 

Butyric  acid  may  also  be  made  from  starch,  jelly,  or  boiled 
potatoes  crushed  and  suspended  in  water,  using  flesh  as  the 
ferment,  with  obalk  as  before  to  combine  with  the  aoid  as  it  u 
formed.  This  mixture  suoeeeds  better  on  a  small  soole  than  iht 
other,  being  less  dependent  on  a  uniform  temperature. 

Hydrated  butyric  acid  is  a  colourless  liquid,  very  mobile,  of  as 
odour  like  that  of  aoetio  acid  and  that  of  rancid  butter  mixed. 


I 


BtTTTRIO   ETHER. — BUTTBONITRYLE. 


260 


burning  acid  taste.  It  boils  about  2A0*  F.,  or  a  little 
It  may  be  crystallised  by  a  very  iiit«ase  cold.  The 
'  of  the  liquid  is  O-'M,  but  mixed  with  au  equal  volume  of 
it  lK't<onit's  heavier,  the  density  being  then  1  •00287,  The 
iwilitj  of  its  gas  in  3-7.  It  is  only  soluble  to  a  eertoin  extent  in 
vatv,  and  any  excess  appears  ai  aa  oil. 

The  produotioa  of  the  acid  is  thus  explained  : 

CanuOit  -t-  CaO,  COi  =  (CsO,  CiH7  0i)-t-H045COft-Ht, 


0tt(»c  Bat7rat«  of  lime, 

it  is  therefure  acoompanied  by   carbonio  noid  and  hydrogen 
When  distilled  with  sulphuric  acid,  this  Holt  yields  the 
lifdistad  butyrit^  aoid,  CsHrOa,  H  0  =  CaUa  0«,  which  is  poly- 
I  with  aliiehydc,  C*  H«  Ot,  and  isomeric  with  aoetio  ether, 
laO,  C*  H>0>. 

■alts  of  butyric  acid  are  like  those  of  aeotic  and  propylio 
but  have  more  of  the  character  of  soaps,  as  the  aoid  is  more 
Thfy  do  not  readily  moiiiten  with  woter.  The  butyrate  of 
I  oryntallisui  readily,  as  does  that  of  baryta. 
BubfToU  of  Oxide  of  EthyU,  or  Butyric  Ether,  C*  H»  0, 
Hr  Oi  :=  Cii  Hit  U«,  is  a  very  fragrant  ether,  and  appears 
stitut«  the  ehief  part  of  the  flavouring  matter  of  tlio  pine- 
m«Iun,  strawberry,  and  some  other  fruits.  The  presence  of 
\  ether,  in  small  proportions,  gives  to  spirits  the  flavour  of  old 
nuB,  and  hence  no  doubt  the  reason  why  the  best  old  rum  is  called 
pim  nupln  rum.  Uutyrie  ether  dissolved  in  G  parts  of  alcohol  is 
BOW  naod  as  essence  of  pine^apple.  When  rum  is  made  by  the 
fccBUUltation  of  molasses,  the  freshly-distilled  spirit  has  much 
]€■  flavour  than  after  long  keeping.  In  fact  it  contains  but 
little  of  tiie  ether,  and  a  smuU  quantity  of  free  butyric  acid, 
_,ir)iicfa,  on  keeping,  gradually  uombincs  with  oxide  of  ethyle  and 
the  flavour.  Some  very  highly-flavoured  wines  owe 
flavour  to  the  presence  of  traces  of  acetic  and  butyrio 
[tUMTt.     There  is  a  nitrobutyric  acid,  Ca  Ha  N  Or ,  HO. 

BtUyronitn/le,  Ct  Ut  N  =  Ca  Ilr ,  Ct  N.  Stn.  Cyanidt  of 
frofjfU.  Thia  is  an  oily  liquid  of  Sp.  Q.  0-70<),  boiling  at  246*. 
\t  wc  could  obtain  frum  this  compound  the  liydrated  oxide  of 
fivfj\e,  or  propylio  alouhol,  that  substance  might  bo  had  in  any 
Aaiind  quantity,  and  would  yield,  no  doubt,  a  whole  series  of 
wapounds,  homologous  with  those  derived  from  alcohol.  But 
ttii  we  eannot  yet  do,  for  when  cyanide  of  propylu  is  boili^  with 
folnli,  titttynte  of  potash  is  obtuinvd,  a  circumstance  rather 
iiTOUliag  the  idea  that  it  is  not  really  a  cyanide,  but  a  oompouod 
tt  niliogon  with  butyrj'le,  a  truo  nitryle.  On  tho  oUier  hand, 
wiUi  poUatiom  it  yields  cyanide  of  potassium.   Further  resaarohet 
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mtut  determine  whether  it  be  a  tnie  cyanide  nr  not.  It«  forma- 
tion is  as  follows :  (N  n.O,  CHrOs)  +  I  P05=xP0»,  4  HO 
-f  CsHtN.  Butyrooitrj'le  is  also  found  among  tii«  producta  of 
the  oxidation  of  albuminona  compounds. 

Butijramide,  Cs  Ht  (it,  N  Hi,  is  formed  when  botrrale  of 
oxide  of  ctbvle  (butyric  ether)  is  hent«d  nith  ammonia  in  oloatd 
tubes.  (C  H.  0,  C«  Ht  0»)  +  N  Hj  =  C*  H.  0,  H  O  + 
Cs  Hf  0> ,  N  H> .  Heated  wiUi  dry  phosphoric  acid,  butyimmide 
yields  butyronitrvle,  only  2  eqs.  of  water  being  heparat«d. 
C  H»  Oi.NH.  +  X  PO".=  iPO.,  2H0  +C«  HrX. 

B'Jh/r'iim,  Cr  Ui  0  or  Cit  Hit  Ot ,  is  homologous  with  MWtHM 
and  propione,  and  resembles  them  closely,  but  is,  of  coane,  )••• 
Tolatile  than  propione.  It  is  formed  wht<n  butyrate  of  baryta 
is  exposed  to  heat.  C  Hr  Oi,  Ba  0  =  Ba  0,  C'Oi  -f  Ct  Ht  O. 
The  formula  Ci«  Hi»  Oi ,  however,  seems  to  be  the  true  one.  It 
is  isomeric  with  the  aUlehyde  of  (snanthic  acid,  or  ccDnnthal,  the 
hydrated  oxide  of  ccnanthyle,  Ci*  Hu  O,  H  0.  But  tiiMe  tVO 
compounds  are  not  identicBJ. 

We  have  now  seen  that  all  the  known  compounds  of  butyl*, 
C»  H« ,  and  of  butyryle,  C«  Hi ,  correspond  perfectly  to  those  of 
methylo  and  fonnyle,  of  ethyle  and  acetyle,  of  propyle  and  pre- 
piooyle.  In  the  case  of  the  radicals  with  6  eqs.  and  of  thaw 
with  6  eqs.  of  carbon,  the  names  given  to  the  two  seriea,  <am 
positive,  the  other  negative,  are  nearly  similar.     Thus  w«  licvt 

Derlred,  or  e)cctro-o4g»tlv<r  i 
Fomiyle     C:  H 
Acetvle      C<  Hi 


Ori^iil,  or  electropottltiro  ndiokU. 
Hethfle  C.  H> 
Ethyle     C.  H> 
Propyle  C«Ht 
Bntyle    C.  H.,  ke. 


Propionyle  Ct  Hi 
Bntyryle     C.|I«,  k«L 


i 


Tlie  reasou  of  this  is,  that  in  the  two  latter  oases  we  were  not  till 
lately  acquainted  with  tlie  alcohols  and  ethers,  but  only  with  the 
j  derived  aeids.  Hence  the  name  of  the  radicals  in  the  first  or 
rpoaitive  series  was,  in  these  oases,  taken  from  the  acids,  and  tli« 
•IMA  is  continued  as  we  ascend  in  the  Bc«le.  We  shall  give, 
fSwvrer,  as  in  the  above  instances,  the  shortest  and  um|ilest 
names  to  the  original  or  [wsitive  radicals,  while  the  di-rirrd  one* 
will  have  moditied  names,  if  possible,  connected  wiUi  tii«  o^  to 
which  they  belong,  as  propionyle  from  propionic  (now  Mllad 
propylic)  ncid.  In  the  nest  case,  however,  as  the  alcoho]  tias 
long  bevn  known,  we  have,  a«  in  the  oases  of  methrlc  and  rthylc, 
']uite  diflcTout  names  for  the  original  and  the  derived  nuUoala. 

Railioala  witli  Cio  . 
Amylr.      VatcryU. 

Amylc,  Cio  Hn  =  Ay  I.      This    radical    was  diseoTt)it<d   liy 
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fnutkland,  as  a  product  of  the  action  of  zinc  on  iodide  of  amyle, 
ad  (ub&vqueuUy  obtained  by  Brazier  and  Gossletb  among  the 
lucu  of  decomposition  of  eaproio  acid,  Cii  Hti  0*,  by  the 
iTanio  oarrent,  Ci»  H>i  0*  =  CaO«  +  H  +  C«o  Hh  .  It  is  an 
ly  liquid,  boiling  at  311°,  and  is  homologous  with  methyle, 
hyle,  &c.,  being  the  tifth  in  that  aeriea. 

Orid*  of  Amyle,  Cio  Hu  0=Ayl  0.  SrN.  Ami/lie  Ether,  is 
obtained  when  chloride  of  amyle  is  acted  on  by  an  olcoholio 
■oltttioa  of  potash.  It  boUs  at  233*.  By  the  action  of  salphurio 
add  on  amylio  alcohol  there  is  obtained  a  compound  isomerio 
rith  it,  bat  le:u  volatile.  Oxide  of  amyle  is  homologous  with 
idea  of  methyle,  ethyle,  &o.,  and  forms,  like  them,  oumpounda 
with  alffloet  all  acids. 

Hgdratrd  Oxide  of  Amylt.  Bth.  Amylic  Alcohol.  FuteloU.  Cto 
Hii  0,  H  0  =  Cio  H»  Oi.  This  compound,  which  is  a  true 
•ioohol,  |ierfectly  homologous  with  methylic  and  ethylic  alcohols, 
is  tiiG  6flh  member  of  the  series  of  alcohols.  It  is  formed, 
aloog  with  ethylio  or  common  alcohol,  in  the  fermentation  of 
potato  or  grain  starch  under  certain  circumstances,  which  are 
not  folly  understood.  It  is  also  formed  in  the  fermentation  of 
grafe  juice,  along  with  common  alcohol  and  propylio  alcohol,  as 
I  other  alcohols,  higher  in  the  series.  Its  formation  evidently 
on  a  peculiar  fermentation  of  sugar.  Thus,  we  may 
6  eqs.  of  sugar  to  yield  4  eqs.  of  amylio  alcohol,  12  of 
I  water,  and  20  of  carbonic  acid.  5  (Cii  Hit  0„)  =  4  (Cio  U„  Oi) 
12  B  0  +  20  C  Oi.  But  the  amylic  fermentation  may  be  one 
,  which  other  comjiounds,  not  yet  ascertiiincd,  are  formed.  The 
of  potato  or  grain-spirit,  which  distils  over  in  the  latter  part 
tb«  process,  contains  alcohol,  amylio  alcohol,  icnanthio  acid, 
kprio  acid,  and  margario  acid.  Whether  these  acids  are  formed 
,  the  amylic  fermentation  is  not  yet  known. 
Amylic  aleohol  is  a  colourless,  somewhat  oily,  bquid,  very  little 
tolable  in  water,  and  boiling  at  270'.  It  has  a  powerlul  but 
nnplaaaant  odour,  and  when  inhaled  produces  spasmodic  oon- 
itrilKiffl  in  the  air-passages  or  bronchi,  and  nausea.  It  has  an 
Mrld  nanseotts  tacte.  At — 4°  it  crystallises.  When  heated  with 
'x,  it  is  oxidised,  hydrogen  being  given  ol!',  and  valerate  of 
sh  is  formed.  Heated  with  anhydrous  phosphoric  acid,  it 
the  carbohydrogcn  Cio  Hio  ,  homologous  with  defiant  gas, 
\  oalled  amylene  or  valerene.  (Sea  Valercne.) 
■alts  of  oxide  of  amyle  are  ethereal  compounds,  T«ry 
niUr  to  those  of  oxide  of  ethyle,  but,  of  course,  muoh  less 
ilo.  The  neutral  sulphate  is  unknown,  but  the  acid  sulphate 
ranlphamylio  acid  is  quite  analogous  to  sulphoviuic  a«id. 
B^^Mmylie  Acid,  gO>,  Ayl  0  +  BOi  UO.     This  oompoond 
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■ehiUe,  lint  bare 


iMt  af  ■  fkttj  fwL      Thdr  fonnoU  b 


8  Oi,  Arl  0  -)-  SO»,  M  0.  Than  i«  another  aeid,  tlia  kyinaiil- 
plmnylie  acid,  the  fonnula  of  which  ia  Cu  Qu  ■  6*  0»,  H  0,  « 
Ayl  8.  Oi,  H  O. 

The  hyponitrite,  the  nitrate,  the  earbonate,  the  boMaatS,  lk« 
oxalate,  the  acetate,  the  cyanate,  the  eyanuratc,  and  manj  other 
lalta  of  oxide  of  amyle,  hare  been  attidied,  and  are  tfrvtt 
analogous  to  those  of  oxide  of  ethrle,  &«.  Some  of  the  eoB> 
pooada  of  oxide  of  amyle  with  the  acids  of  the  aeetio  aeriM  tn 
Tery  fragrant  ethers,  and  |^vc  the  llaroar  to  some  fruita.  Thb 
ia  the  ease  in  jargonel  peaia,  the  essence  of  which  is  a  eooi- 
pound  of  this  kind,  or  a  mixture  of  two  or  three  such  oompooada, 
but  chiefly  the  acetate  of  oxide  of  amyle,  which  is  now  made  aad 
ased  as  essence  of  pears,  and  has  the  perfrct  flavour  of  that  fruiL 

CarbamaU  of  Oxide  o/AmtfU,  Cit  N  Ui>  O, ,  or  amylo-nrethaaa, 
ia  ]n«pai«d  like  the  oorreaponding  ethvle  comfound,  to  whkjt  it 
is  quite  analojcoua. 

1.  ^my/amute,  0,0  Hu7f  =  NH>  Ayl,  homolngons  with  iB«iby> 
lamine,  Stc,  is  obtained  by  heating  the  eyanate  or  oyananto  ul 
amyle,  or  amylo-uieit,  with  potash.  To  take  the  first  proem, 
that  from  the  cvanate,  we  hare  Co  Hn  0,  C^  N  0  +  2  (K  O, 
H  O)  =  2  (K  O.'C  O, )  +  Cio  Hu  N.  It  is  a  liquid,  boiliits  at 
S03*,  witli  a  density,  at  64°,  of  07503.  It  is  a  powerfnl  haae, 
with  a  strong  ammuniitcal  smeU  and  burning  tasti-,  miseihle  wilfc 
water  in  every  proportion.  It  precipitntes  almost  all  metaDJa 
aolutiuDs.  Its  suits  much  resemble  those  of  ammonia.  It  fn- 
dace*,  with  oxalic  el  her,  the  compound  amyloiamid*,  Cts  Bu 
N  Oi :  homolo;;uus  with  oxamide,  methyloxamide,  &c  Tha 
doable  salt  of  aroylamine  with  chloride  of  platinum  is  Biwii 
mure  soluble  than  the  ammonia  salt. 

Amylo-urea,  Cii  N  Hi«  Oi.  Cyanate  of  potash  with  snlpbata 
of  amylamine,  yields  amylo-urea,  K  0,  Cs  N  0  -t-  Cia  Hn  N,  H  0, 
8  0.  =K0,  SO,  +  C„NH,.  0,. 

Amylamine  is  fuoud  among  the  baaio  produota  of  the  dlalfl- 
lation  of  auimsl  matter. 

The  formula  Cio  Hu  N,  repnesenta  not  only  amylamine,  \ni 
several  other  bases  isomeric  with  it.  Such  are  methylobtity- 
loraine,  N  H,  Me  Hu  ;  ethylopropylamine,  N  II,  .\ePr;  mcthyl»- 
dietliylamine,  N,  Me  Ae«;  dimethylopropylamine,  N,  Me*  Pr,  all 
of  which  differ  in  properties,  but  all  are  volatile  boaea,  and  all 
have  tile  erapirienl  formula  Cio  lliii  N. 

2.  Jhaiiii/lawitir,  Vm  1 1 1.  N  =  N  U,  Ayl  t,  i»  formod  by  the  Mliaa 
of  iodide  uf  amyle  on  ammonia,  but  still  brtler  by  the  a«tioa  of 
bwaiide  of  amylo  on  amylamine.     It  ia  a  light  oil  of  a  peooliv 
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^  vmell  and  burning  taste.  It  is  strongly  bogie,  and 
,  340'.  It  forms  salts  with  acids,  analogous  to  those 
ia,  but  less  soluble,  except  the  double  salt  of  hydro- 
chlortttc  of  amylamine  and  bichloride  of  platinum,  which  is  more 
nlnble  tlian  the  ammonia  compound.  Ibis  base  is  isumerio  with 
a  Iiirg«  number,  such  as  ethrlopropylamylamine,  JJ  Ae  Pr  Ayl, 
BWlhylobtttylamylamine,  N,  M.«  Itu  Ayl,  &c.  &o.  ;  since  the 
hydrog»n  of  ammonia,  if  replaced  by  any  one,  two,  or  three  of 
the  radicals  hitherto  described,  methyle,  cthyle,  propyle,  butyle, 
■ad  amyle,  will  yield  a  base  of  the  formula  C«o  Hn  N,  provided 
Ika  eariwn  of  the  radical  or  radicals  employed  does  not  exceed 
Oa>  wliMi  added  together.  We  may  have  (omitting  the  hydrogen] 
Ci,C»,Cio  =  C«o;  or,  C»,C«,Cio=C«;  or,  C»,  Cg,  C»  =  Cw  ; 
or,  C«,  C«,  C«  =  C«,  and  the  same  holds  true  in  every  case. 
Beaidea,  cimiLar  isomeric  bases  may  be  obtained  by  using,  in 
a^ditioD  to  the  radicals  with  C  =  2,  4,  6,  8,  or  10,  those  with 
C  =  12,  14,  16,  18,  and  20. 

8.  Triamylamine,  Cso  Hsu  N  =  N,  Ayl »  ,  is  obtained  by  the  action 
of  bromide  of  amyle  on  diamylamine,  or  by  heating  the  hydrated 
oxide  of  tctramylium,  to  be  presently  described.  It  resembles 
(ttamylamine,  but  boils  at  about  498°.  It  is,  of  course,  isomerio 
Titfa  a  still  greater  number  of  possible  bases  than  the  preceding, 
inasmuch  a>  the  permutations  of  Ci,  Ct,  Ci,  C«,  Cio  ,  &o.,  up  to 
80,  are  more  numerous  than  with  Cw  only.  Heveral  aaoh  isomeric 
iMMabave  already  been  produced. 

4.  Tetramytium,  N,  AvK,  and  its  oxide,  N,  AyU  0,  ore  homo- 
logous with  the  correspondiug  methyle  and  ethyle  compounds, 
•ad  are  [irepared  in  the  same  way,  by  the  action  of  iodide 
of  anyle  on  triamylamine,  or  on  ammonia.  The  iodide  of 
tttrtayliuro  is  crj-stallisuble,  very  bitter,  and  its  formula  is  C«o 
H*«  N,  I  =  N  Aylt,  1.  With  oxide  of  silver,  it  yields  iodide  of  ' 
ailver,  and  the  oxide  of  tetmmylium,  the  hydrate  of  which  is  very 
er,  but  less  soluble  than  the  corresponding  ethyle  compound. 
)  hydrate  appears  at  an  oil  which  orj'stallises,  and  its  solution 
lits  on  standing  crystals  of  an  inch  or  more  in  length  and 
thickness,  which  arc  compound  of  the  hydrate  with  water  of 
Jliaation.  The  hydrate,  whon  heated,  is  resolved  into 
nylamine,  wafer,  and  amylone  or  valerene,  thus :  N  Ayl«  0, 
'O  =  N  Ayl.  +  a  H  0  -(-  Cio  Hio. 

jyifthylami/liuin,  C<«  Hm  N  =  N,  Ae  Ayb.  This  oompoundr 
in  which  3  ei^s.  of  the  hydrogen  of  ammonium  are  replaced  by 
•tJiyle  and  one  by  amyle,  forms,  like  the  last,  a  crystalline  bitter  ' 
iodide,  and  a  bitter  basic  hydrated  oxide,  which  is  a  powerful 
ammouiUD  base.  When  heated,  it  yields  a  new  base,  diethyl- 
UDybmia*,  water,  and  ethylene,  or  C*  H*. 
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^iethylamyUimine,  C»  Hn  N  =:  N,  Aei ,  Kj\,  ia  formed 
|l«bove  described.  It  is  not  so  powerful  a  base  as  some  of  its 
LooDgeners,  but  is  j-et  distinctly  and  strongly  basic,  of  the  nitiyla 
eries,  corresponding  to  N  Ha . 

HHhylodielhylamyUum,  C»o  Hm  N  =N,  Me  Aei  Ayl,  is  a  n*ir 

ammonium  compound,  obtained  as  iodide,  when  iodide  of  mcthylc 

Acts  on  the  preceding.      Its  oxide  is  a  powerful  base,  liktt  tht 

Others  of  this   class.      When   heated  it  yields  a  new  TolAtil* 

lloethyle  base  {nuthyUthylamyUimine),  water,  and  ethylene. 

MethyUthyiamylumine,  Cie  Hit  N,  =  N,  Me  Ae  Ayl,  is  a  Tola- 
tile  liquid  base,  boiling  at  27o°,  and  neutralising  acids. 

The  chloride,  bromide,  iodide,  cyaaide,  sulphuret,  hydrosal- 
phuretted  sulphuret,  and  sulphocyaoide  of  amyle,  are  prepared 
exactly  in  the  same  way  aa  the  oorrespondiog  compounds  of 
lytbyle,  and  have  analogous  properties.  The  analogy  is  indeed  ao 
perfect  that  we  need  not  describe  these  oompoonds  ia  detaiL 
The  cyanide  is  identical  with  capronitryle.  (Set  Caproio  Aeid.) 
No  compounds  of  amyle,  corresponding  to  zincethyle,  to  kako* 
dylc,  to  stibiomethylc,  are  yet  fully  known,  although  Franklaad 
has  shown  that  zincamyle  does  exist;  but  it  is  hardly  to  be 
loubted  that  such  compounds  may  be  formed,  and  that  they  will 
prove  analogous  to  tliose  already  known. 

VaUryU,  Cio  H, ;    hydrated  oxide  of  valeryle,  Cio  H»  0,  H  0. 

This  radical,  the  fifth  in  the  series  of  formyle,  Cm  Ha  —  i.  is  not 

known  in  the  separate  form  ;  but  its  hydrated  protoxide,  valeral- 

dchyde  or  valeral,  appears  to  be  one  of  tlie  products  of  the  oxida- 

I'tion  of  albuminous  matter.     It  is  a  TolatUe  liquid,  having  all  the 

iliarACt«ristio  properties  of  un  aldehyde,  yielding  valerianic  acid 

rhcn  oxidised,  and  furmini;  a  crystalline  compound  with  ammonia. 

formula  is  Cio  U>  0,  H  0  =  Cio  Hio  Oi,  and  it  is  polymario 

ith   oaprio   acid.  Cm  IIk  0>,  and  with  valerate  of  oxide  of 

yle,  Cio  Hu   0,  Cio  Ho'  Oa .     Valerianic  aldehyde,  or  ae  it  is 

Lied  for  brevity,  valeral,  may  be  obtained  more  easily  by  acting 

CD  amylic  alcohol  with  sulphuric  acid  and  bichromate  of  potash. 

It  is  a  mobile  liquid,  boiling  at  227"  F,  of  Sp.  Gr.  0820;  the 
lensity  of  its  gas  is  2-96. 
It  forms,  with  nitric  acid,  a  substitntion-produot  analogwtt  la 
■gut  .xipropylio  acid.     With  ammonia  it  forms  a  orystalliiM  OOB- 
pound  analogous  to  aldehydammonia. 

If  valeral  wore  to  act  on  hydrocyanic  aoid,  it  would  probably 
yiold  a  aubstanoe  homologous  with  glyoocinc  and  alanine.  This 
has  not  been  tried,  but  such  a  substance  is  knonx.  It  is  leuoilM, 
Cii  IIk  M  U«,  to  bo  afterwards  described,  as  a  prodaot  of  Um 
action  of  potash  on  animal  matters. 

Valerianic  And,  Cig  H.  0»,   H  0  =  Cio  Hio  0«.     TUl  aoid. 
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in  the  series,  (C«  Ua )  ■  0« ,  is  found  in  nature  in  the  oil 

eriun  ;  also,  in  small  |jro|)ortioD,  combined  with  oxide  of 

Spxle,  in  truin  oil,  and  the  oil  of  the  oetaoea  generally,  which  owe 

beir  smell  to  this  latter  compound.     It  is  found  also  in  the  seeds 

»f  Viburnum  ojiulu»,  and  occurs  as  a  frequent  product  along  with 

pn.'e(.'diiig  compound,  and  many  of  their  homolugues,  among 

Um  produota  of  oxidation  of  animal  matters  and  of  fat  oils.     It 

i«  (urmed,  besides,  when  amylio  alcohol  is  heated  with  cuustio 

potash,  anil  when  valerol  is  oxidised.     I  have  also  seen  it  pro- 

daoed  by  a  spontaneous  change  in  salted  butter,  ill  prepared,  and 

in  j«m  made  with  greengage  plums,  which  had  been  kept  for 

^«omo  time.     It  is  an  oily  liquid  of  tip.  O.  0-944,  and  boiling  at 

170",  with  a  strong  odour  of  valerian.     Its  salts  are  soluble,  and 

'Ibtc  a  sweetish  taste  and  fatty  aspect.     Valerate  of  oxide  of 

ethyle,  or  valeric  ether,   is  a  fragrant  compound,  occurring  in 

some  Tvgetable  products. 

The  anhydrous  valerianic  acid  Cio  H*  Os,  >■  formed  by  the 
•ction  of  oxychlorido  of  phosphorus  on  valerate  of  potash.  It  is  a 
limpid  oil,  very  mobile,  of  Sp.  0.  0-934  ;  with  an  agreeable  smell 
q(  apples  when  pure,  but  by  contact  with  water  it  is  hydrated, 
And  acquires  an  intense  odour  of  valerian,  which  is  that  of  the 
~  fdnUfd  acid.  It  boils  about  440°  F.,  and  the  density  of  its  gas 
I  0-'2.'l.  Its  vapour  attacks  both  the  eyes  and  the  respiratory 
CargUM. 

The  salts  of  Tnlerionio  acid  resemble  the  butyrates,  but  haye 
Bore  of  a  koapy  character.     Some  of  them  are  used  in  medicine. 
yalerale  of  oxide  of  ethyle,  C*  H«  0,  Cio  II»  0» ,  or  valerianic 
VT,  is  fragrnnt,  and  ocuurs,  it  is  said,  in  some  fruits. 

rratt  of  oxide  of  amyle,  Cio  Hii  0,  Cio  H«  Oa  =  CsoIIm  O4, 
bomolugous  with  aoetio  ether,  isomeric  with  caprio  acid,  and 
lio  with  Toleral.  It  is  a  fragrant  ether,  and  gives  to  the 
I  its  pevuliur  grateful  flavour.  We  have  seen  that  the  pear 
roured  by  llie  acetate  of  oxide  of  amyle,  Cio  liu  U,  C-t  M>  0*, 
and  that  butyric  ether,  Ci  Us  0,  Cs  IIt  Oj  ,  contributes  to  the 
flargar  of  tlio  pine-npple.  All  these  compounds,  and  many 
others  of  similar  prnperlies,  contain  an  oxide  homologous  with 
atiker,  or  ether  itself,  and  an  acid  homologous  with  acetic  acid, 
or  acetic  acid  itself. 

VaUruU  <J' Ammonia,  N  H»  0,  Cio  H»  Os ,  under  certain  circum- 
itani"^  loses  2  cqa.  of  water  and  yields  valeramido.  Thus,  when 
Talerato  of  oxide  of  ethylv  is  left  in  contact  with  strong  ammonia, 
Talaiainide  and  alcohol  are  formed,  C«  U>  0,  Cio  liu  Us  -)-  N  U« 
U.  0,  H  0  -f  H  O  +  Cu)  N  IIii  Oi.  This  latter  body, 
id«,  forma  large  crystals. 

'tryi«,  Cio  Ui  N,  it  formed  whoa  valeramide  ia  heated 
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[Vith  anhydrons  pliosplioric  acid.     It  in  identical  witii  cysni^ 

I  lutyle,  C»  Pin ,  Ci  N.     Valeronitrrle  is  fuand  among  the  pmdl 

[Of  the  oxidation  of  albuminous  compounds.     It   is   a   Tola 
tromatic liquid,  which,  like  the  other  nitryles,  yields,  with 
Rum,  cyanide  of  potassium,   hydrogen,  and  a.  oarbohydrogen ; 

'with  potash,  ammonia,  and  the  acid  ;  in  this  case  yalerianio  acid. 
Hyduret  of  Valeryh,  Cio  Hio  ^  Cio  H>,  H,  or  valeren«,  it 
obtained  as  one  of  the  products  of  the  action  of  zinc  on  iodide  of 
amyle,  along  with  hyduret  of  amyle,  Cio  Hu,  and  amyle  Cio  IIu. 
2  eqs.  amyle,  CtoHu,  yield  1  eq.  Tolerene,  Cio  Hio,  and  1  oq. 
hydurot  of  amyle,  Cio  Hii.  The  former  of  these  ia  homologous 
with  olefiant  gas,  and  may  be  hydtuvt  of  valeryle,  Cio  H* ,  H. 
The  latter  is  homologous  with  marsh  gas,  C  IT* ,  and  its  ratioDal 
formula  is  Cio  Hu,   II.    Both   are  volatile,   oily,  eombustible 

[  liquids. 

VaUrone,  C»  H»  O,  or  rather  Ci«  ITu  Oi ,  homologous  will 
acetone,  is  formed  when  valerianic  acid  is  heated  with  e.\oea«  of 
baryta.     It  is  loss  volatile  than  butyrone,  which  it  reaemble*.     It 

'is  isomeric  with  the  aldehyde  of  pelargonio  acid,  or  pelargmul, 
Ci»  Hi.  0,  H  O. 

It  will  be  seen  that  the  analogy  of  homologotis  compounds  it 
perfectly  observed,  so  far  as  they  are  known,  In  the  oompooiMU 
of  amyle  and  valeryle.     Only  the  most  important  of  these  lilM 

I  been  mentioned,  and  that  very  briefly  ;  bnt,  next  to  metbyle  and 
fonnyle,  ethyle  and  aoetyle,  these  radicals,  amyle  and  valer^l*, 
are,  in  this  scries,  those  by  much  the  best  known,  and  an  par- 
ticularly interesting,  from  the  very  perfect  analogy  they  pretrat 
to  the  others  just  named.  The  additions  of  3  (Ct  Ht),  and  of 
4  (C»  Hi ),  to  the  compounds  of  ethyle  and  aoetyle,  of  methylo  Bnd 
formyle,  respectively,  has,  as  will  be  observed,  only  prodnoed  « 
complete  though  of  course  slightly  modified  copy  of  those  ooib- 

[  pounds  ;  and  with  the  doctrine  of  homologous  series,  we  might 
nave  predicted  nearly  all  the  properties  of  the  compounds  witii 
Cio,  from  our  kBowled^e  of  those  with  C«  and  C«.  Th«  Mfiaa 
with  Cio  is  at  present  far  more  complete  than  those  with  aaj 
higher  number.  As  we  rise  in  the  scale  we  shall  find,  as  » 
general  rule,  fewer  compounds  known,  but  in  every  ca«e,  up  t« 
Cm,  and  in  some  beyond  that  point,  we  are  acquainted  wilb  Ut« 
acid,  homologous  with  acetic  acid, 

Badieols  with  Cit . 
Gafirotjric.  CkprajrUi 
At  in  the  oaso  of  C«,  C«,  do,  C*  and  Ot,  w«  harv  admitted 
•t  highly  probable,  two  radicals  in  each  case,  one  of  the  formula 
Cb  H»  +  >•    or  the  methylio   series,    and    the   other  with    Iba 
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H»— I,  or  the  formylio    series;    so    also   we    admit 

unding  radicals    witli    Cu,  namely  Cii  His  and  Cii 

As  the  latt«r  is  the  radical  of  an  acid  named  before  ita 
ktnre  wms  known,  the  caproio  acid,  we  shall  call  it  caproyle^ 
lit  Hi  I  =  Cpr.  The  former  we  shall  call  caprotyle  ^  Cm  Uu  := 
inserting  here  the  letter  t,  to  indicate  that  it  belongs  to  the 
of  ethyle  and  methyle,  in  which  t  occurs,  while  the  two 
I  show  liiat  the  radicals  are  closely  connected.  This  must 
he  attended  ti),  as  considerable  confusion  has  arisen  iiom  both 
tuviflg  been  named  Capiroyle. 

C(5>ro<yfo^Cu  His  =  Cpt,  is  obtained  when  oenanthylate  of 
potash  Cu  Hit  O9 ,  K  0,  is  decomposed  by  galvanism.  K  0,  Ci* 
Un  O.  +  H  0  =  K 0,  2  C Os  +  n  +  Ci.  Uia.  Probably  a  part 
of  it  is  decomposed  into  oaprotenc,  or  caproylene,  Cii  Hii,  homo- 
logxios  with  oletiant  gas,  and  hyduret  of  caprotyle,  CiiHu:=Cii 
Hu,  H,  homologous  with  marsh  gas,  for  '2  (Cii  II19)  =  Cit  Hii  -|~ 
Cii  Hit.  This  radical,  called  also  hexyle,  as  being  the  sixth  in 
the  aeriea,  is  a  fragrant  oil,  boiling  at  396°  F.  It  is  not  deoom- 
poaed  by  sulphuric  acid,  but  is  attacked  by  chlorine.  When 
boiled  with  a  mixture  of  nitric  and  sulphuric  acid,  it  is  converted 
into  a  Tolatile  acid,  probably  caproio  acid.  Of  the  compounds  of 
caprotyle,  homuloguus  with  those  of  etliylo,  we  already  know  the 
alcohol,  or  hydrated  oxide  from  which  no  doubt  the  ether  or 
oxide  may  be  formed,  and  the  acid  sulphate,  as  weU  as  the  vola- 
tile base  caprolylamiDe.  As  yet,  the  chloride,  bromide,  iodide, 
mad  aulphuret,  have  not  been  studied.  Of  the  derivatives  of  the 
ooiTefponding  negative  radical,  caproylo,  we  know  the  hydiated 
oxide  or  alddiyde,  and  the  hydrated  teroxide  or  acid. 

HydraUd  oxtdf  of  caprotyle.  Caprotylio  or  Caproio  alcohol, 
His  0,  H  0,  is  obtained  from  the  less  volatile  parts  of  the 
brandy  made  from  the  marc  or  expressed  residue  of  the 
I  in  the  South  of  France.  This  less  volatile  portion  conaista 
'  of  aloohol  and  amylio  alcohol,  with  smaller  proportions  of 
BMthylic,  prujiylic,  butylic,  andcaproic  alcohols,  and  from  it  the 
propylio  alool.ol  is  obtained.  In  the  reotiKcution  of  the  latter,  the 
cm|>roio  alcohol  accumulators  in  the  least  volatile  ports,  which  are 
by  repeated  rectiiications,  or  fractionated  diatillution,  separated 
Into  a  more  volatile  part,  containing  much  amylio  and  little  or  no 
caproio  alcobul,  and  a  less  volatile  part,  in  which  cjproic  aloohol 
prvdominatvs.  Fi4f0t,  who  detected  it,  only  obtained  enough  t« 
Yttnc  that  it  exists,  and  has  all  the  properties  to  be  expeeled  in 
an  alcohol  of  its  place  in  the  series.  It  is  at  tint  mixed  with  a 
Vtm  volatile  li4uid,  possibly  on  alcohol,  or  a  mixture  of  aloohola, 
hi|lMr  in  the  scale,  and  can  only  be  got  pure  by  ol'teu  repeated 
tMiUeatioBS,  which  are  continued  till  a  liquid  is  obtained,  whi«bi 
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has  a  constant  boiling-point  of    from  300°  to  320°  F.     la 
operations  the  quantity  rapidly  diminishes  a*  xhe  purifloatitB 
proceeds,  and  the  final  product  is  but  smaU. 

It  is  on  oily  mobile  liquid,  of  on  agreeable  aromatic  vnumt 
odour  and  warm  pungent  taste,  having  great  transpareooy  and  a 
high  refractive  power ;  of  Sp.  G.  0-833  at  32".  The  density  of 
its  gas  is  3o3.     It  boils  between  300"  and  320-. 

When  heated  with  caustic  potash,  it  is  converted  into  oapiMfa 
of  potash,  hydrogen  being  disengaged. 

With  oil  of  vitriol  it  forms  the  acid  sulphate  of  oxide  of  oapo- 
tyle,  or  sulphocaprotylic  acid,  which,  with  potash,  forms  a  salt 
crystallising  in  scales.  In  all  these  points  cuproio  alcohol  oon«s- 
ponds  to  its  homologues,  methylio,  ethylio,  propylio,  butylio  and 
amylio  alcohols. 

Cyanide  of  caprotyle.  This  compound  has  been  little  stodicd, 
but  is  the  same  with  oonanthonitryle,  Ci<  Hit  N,  which  wiU,  in  all 
probability,  be  formed  when  (enanthylamide  is  heated  with  anhy- 
drous phosphoric  acid.  Like  the  nitryles  already  m«utioii««i, 
oenanthooitryle  is  a  cyanide,  and  its  true  formula  will  be,  Cii  Hu, 
CiN. 

Caprutylamine,  Cia  Hi»  K  =  N  Hi  Cpt.  Sm.  HtxyUmim: 
This  base,  homologous  with  methylamine,  &o.,  has  not  been  much 
studied,  but  will  no  doubt  soon  be  formed  from  the  aloohuL  It 
seems  to  occur  in  the  oil  obtained  by  distilling  bones,  in  whioh 
methylamine,  ethylamine,  butylomine,  and  probably  amylamina, 
are  also  present.     It  is  similar  to  amylamine,  but  less  yolatile. 

CaproyU,  Ci<  Hii=  Cp.  This  radical,  homologona  with  formylo, 
&c.,  is  not  known  in  a  separate  form  ;  but  we  are  acquainted  with 
its  hydrated  oxide,  or  aldehyde,  and  with  its  teroxide,  or  oaproio 
acid. 

Ilydrattd  oxide  oftaproyU,  Cii  Hjt  0.  =  Cit  Hu  0,  H  0.  Sm. 
Cttproic  aidthyd:    Caproul.  This  aldehyde  is  among  the  prodt 
of  the  distillation  of  caproate  of  baryta.     It  has  the  charaertcn 
an  oldiOiyde,  but  has  not  yet  been  fully  studied. 

Anhydrout  caproir  acid,  C>i  Hu  Oi .  This  anhydride  is  obtained 
when  oxychloriJv  of  phosphorus  acts  on  the  caproate  of  baryta, 
exactly  as  in  the  case  of  anhydrous  acetic  or  butyric  acids.  It  ia 
an  oil  lighter  than  water,  of  a  disagreeable  odour,  whioh  i*  ooa- 
vvrtcd  into  the  hydrated  acid  by  contact  with  water.  It  U 
perfectly  neutral,  as  are  the  anhydrides  in  general. 

Hydrated  caproic  acid,  Cii  Hu  0<=  Cii  IIu  Ui,  HO.  This 
acid  occurs,  oombiiiod  with  oxide  of  lipylo  in  cow's  and  g<Dat'* 
buttor  and  goat's  fat,  whence  its  name,  and  in  ooooa-nut  oil ;  it 
is  also  found  among  the  proJuot*  of  tl>e  oxidation  of  albominoua 
natter,  and  of  fat  oils,  especially  of  oleio  aoid.     (Eoa&thoU,  or 
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athal,    CwIIiiOj,  when   oxidised,   yields  this  acid  among 

ber  products.     But  it  ia   b«st  obtained   from   the  cyanide  of 

nyle  or  oaprouitryle,  Cu  Hn  N,  by  boiling  it  with  an  alcoholic 

^lotion  of  potash.     The  caproate  of  potash  is  distilled  with  sul- 

nric  acid,  and  yields  c&proic  acid. 

It  is  very  inflaramablo  ;  ita  S|i.  G.  ia  0-931  at  60*;  it  is  not 
liy  a  cold  of  16'  F.  The  pure  acid  fumes  in  the  air, 
■  t  about  390°  F.  It  is  very  sparingly  soluble  in  water. 
I  tast«  is  acid  and  pungent,  with  a  sweetish  after  taste,  and  it 
I  *  strong  acid  smell,  resembling  that  of  vinegar  mixed  with 
tk&t  of  rancid  butter  and  that  of  sweat.  There  is  no  doubt  that 
is  formed  in  the  animal  body,  for  not  only  does  it  occur  in 
ntter,  and,  as  the  smell  indicates,  in  the  cutaneous  transpiration, 
Bt  it  has  been  detected  in  some  urinary  calculi  in  man.  It  has 
sIm  been  found  in  Limburg  cheese,  which  is  half  putrescent,  and 
in  probably  one  of  the  products  of  putrefaction  generally. 

Ita  italta  have  more  of  a  soapy  charuetor  than  those  of  butyric  or 

(ralfrianic  acid,   and  have  the  rancid  smell  of  the  acid.     The 

tpmat«  of  glycerine  or  of  lipine,  or,  as  it  is  called,  caproine, 

tjich  is  one  of  the  odorous  constituents  of  butter,  has  a  smell 

rhich  when  diluted  with  air  is  pleasant,  but  it  is  easily  deoom- 

rnqv-ciaUy  in  contact  with  albuminous  matters,  and  the 

fwith  others  analogous  to  it,  being  set  free,  contributes  to 

'  the  rancid  flavour  to  stale  butter. 

The  capToato  of  methyle  has  an  odour  approaching  that  of  the 

rbnt  the  caproate  of  oxide  of  ethyle  is  a  very  fragrant  ether, 

J  thp  odour  of  melon  or  pinc-oppio  in  a  high  degree.     The 

caproate  of  oxide  of  amylo  has  a  less  pleasant  odour,  and  boils  at 

C<iprone,  Cn  ITn  0,  or  rather  Cm  Hm  0«,  ia  obtained  by  heat- 
Bg  capruic  acid  with  baryta.     It  resembles  valerenc,  but  is  less 
Volatile.     It  i»  accompanied  by  a  portion  of  the  compound  Cu  Hit 
I,  which  is  capraldehydo  or  capral. 
Oaprone,  acted  on  by  nitric  acid,  yields  a  nitro-aoid,  namely, 

iltrianie  acid,  Cio  w'^v    J  Oa ,  H  0. 

Caproate  of  ammonia,  and   caproylamide,  heated  with  anhy- 
1  phosphoric  acid,  will  probably  yield  cnproniln/le,  Ci»  Hu 
ly  mentioned  as  cyanide  of  amylc,  and  the  best  source 
oio  acid.     But  it  is  best  obtained  by  heating  sulphamylate 
with    cyanide  of  potassium.      In   this  process,   some 
[  oxide  of  amylo  is  also  formed,  so  that  when  the  mixed 
hfiitf-d    with    potash,    amylaminc  is  expflled,   and 
aproate  of  potash  remains  behind.     This  ia  the  best  method  of 
ohtaininc  amylamine. 
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BMlieaU  with  Ci<  . 
Heplfle.     CEwuithjle. 

There  can  be  no  doubt  of  the  existence  of  a  radical  C>»  Hit, 
analogous  to,  and  homologous  with,  methylo,  &c.,  and  which, 
being  the  seventh  in  the  seriei,  may  be  called  heptyle.  But 
neither  the  mdioal,  nor  any  of  its  compounds,  are  yet  known 
with  certainty,  although  some  chemists  have  described  what  thcj 
supposed  to  be  the  hydratcd  oxide,  or  aenanthylio  alcohol.  It 
appears,  however,  that  this  was  really  the  next  or  obprjUo 
(ootylic)  alcohol.  It  is  possible  that  the  cenanthylio  alcohol  may 
occur,  with  the  butylic,  amylio,  and  caproio  alcohols,  or  Uw  1<m 
volatile  part  of  the  liquid  obtained  from  the  fermentation  of  Uie 
marc  or  expressed  residue  of  the  grape.  There  is  some  liquid 
present,  less  volatile  than  caproio  alcohol,  but  it  haa  not  bm 
obtained  in  sufficient  quantity  to  purify  it.  VTe  may  expect 
some  day  to  find  the  means  of  causing  sugar  to  ferment  to  u  to 
yield  this  alcobul  as  the  chitf  product. 

Of  the  derived  or  negative  radical,  oenanthyle,  Cji  Hu.  hom^ 
logons  with  formylc,  &c.,  we  know  the  hydrated  oxide  or  alde- 
hyde, and  the  hydratcd  teroxide  or  osnananthylio  acid. 

Hydrated  oxide  of  mnanihyU,  Ci*  Hu  0,  H  0  =  C14  Hi.  Ot, 
Stw,  (Enanthole.  (Enanthal.  This  compound,  the  aldehyde  of 
osnanthylic  acid,  is  obtained  by  the  distillation  of  castor  oiL  It 
is  an  oily  liquid,  of  a  somewhat  aromatic  smell.  W'lieu  oxidised, 
it  yields  oonanthylio  and  oaproic  acids,  perhaps  also  valariaiik, 
butyric,  propylio,  acetic,  and  formic  acids.  Q^anthota  tasf 
possibly  be  Ci.  H-  0.  =  Cu  Hi.  0,  C>.  Hi.  0. . 

When  fused  with  potash,  it  yields  oenanthylate  of  potash  and 
hydrogen.  With  tho  alkaline  bisulphites  it  forma  crystalline 
oompounds,  which  is  a  character  of  the  aldehydes.  It  ahio  farm* 
a  ory&talline  compound  with  ammonia,  and  reduces  th«  Mita  «i 
silver,  producing  a  mirror-like  deposit  of  the  metal. 

When  agitated  with  nitric  acid  at  32^  it  is  converted,  if  Uie 
mixture  be  left  in  the  cold,  into  a  beautiful  crystalline  solid, 
isomeric  or  polymeric  with  opnanthal,  called  met«pnanthaL 

(Enanthal  is  best  obtained  by  acting  on  the  liquid  foniMd  \lj 
distilling  castor  oil  with  bisulphite  of  soda.  A  mass  of  oryittls 
is  formed.  These  are  purified  by  means  of  alcohol,  and  daeom- 
posed  by  diluted  sulphuric  acid,  when  the  ccnanthal  ■rparate*. 
Its  density  is  0-8271  at  W  F.,  and  that  of  ito  gas  is  4-178.  It 
boils  at  312°  to  317°.  It  is  oxidised  by  the  contact  of  ur  iato 
a>nanthylio  acid. 

Anht/drnui  niianHyli'e  acid,  Ci.  Hu  O..  Formnd  by  tho 
action  of  oxyclUuriJe  of  phosphorus  00  wuanthylate  of  potaah. 
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apid.  ncutrul  oil,  of  Sp.  0.  0-92  at  SI".  It  has  a  ranciil 
tJl,  prulxvblv  from  being  converted  into  the  bydratcd  acid  by 
I  Bouture  of  the  air. 

i/i</lic  acid.  Cu  IIu  Oa ,  II  0,  is  obtained  by  the  ozida- 
of  (Eiianthul,  and  also  by  that  of  oU-io  acid  and  of  albumi- 
DOD*  matter,  and  oild  in  general  by  means  of  nitric  aoid.  It  may 
(uily  be  got  by  di»tilliug  castor  oil  with  nitric  acid,  when  it  distils 
ever.  It  is  an  uily  acid,  less  TolatUe  than  caproic  acid,  boiling 
It  2M^,  and  its  salts  are  fatty  in  aspect.  It  has  an  aromatic 
■kQ  with  some  rancidity,  and  a  burning  taste.  The  ocnanthates 
of  oxides  of  ethyle  and  mt-thyle  are  fragrant  ethereal  oompoundit. 
SoDC  of  it*  other  compounds  and  deiivatives  have  yet  been  much 
MBBtiaad.  It  is  remarkable  that  butter,  which  contains  tlie 
mU«  vitli  12,  16,  and  20  eqs.  of  carbon,  never  contains  the 
IBtenntdiate  acids  with  14,  and  IS  cqs.  of  carbon,  so  that  oenan- 
LAcid  is  not  found  in  butter. 

tthjitamide,  Ci»  Ei»  N  Oi  =  N  H« ,  Ci4  Hi»  Ot ,  is  formed 
'  Ammonia  acts    on    anhydrous    oonanthylio  aoid,    or   on 
itbylio  other.     It  crystallises  in  scales.     If  heated  with  dry 
horio  acid,  it  will  probably  yield  oinanthylonitryle,  that  is, 
cyuud*  of  oaprotyle,  Ci«  Hi>  N  =:Cu  Uu,  Ci  N. 

Tb*   base,    corresponding   to   methylamine,  which   might  bo 
nllad  heptyiamine,  is  not  yet  known,  but  there  can  bo  no  doubt 
to  its  existence.     Its  formula  will  bo,  of  coarse,  Ci»  Hir  N  = 
IH..C..  n>». 

iGCnanthylic   ether,    or  oonanthylate    of   oxide  of  ethyle,  Ci« 

,  {)4  =  C4  Ht  0,  C»«  Hu  Oi ,  is    a    fragrant  ether,   having  a 

<  taste,  but  leaving  on  the  palate  a  disagreeable  impres- 
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BadiesJs  with  Cia . 

Ootjrie.    Oipryle. 

_   Urn  ure  under  this  head  two  radicals,  vhieh  may  be  called 
oetjl*,  Ci«  11)7,  and  oapryle,  Cu  IIi»,  corresponding  to  mcthylo 
I  lis  and  formyle  Ct  H. 

I  Octylr,  Ci*  Hir  =  Oct,  is  not  known  in  the  separate  form,  but 
abably  be  formed  in  the  action  of  the  galvanic  current  on 
joate  of  potash  or  on  caprate  of  potash, 
oxido  of  octyle,  Ci«  Hu  0,  has  not  been  described,   but 
Loombined  with  sulphuric  acid,  as  wo  shall  see. 
rated  uridt  </  octyle,  Ci«  Hu  0,  H  O.     Srw.     OHylie  or 
c  alcohol.     This  compound  is  obtained,  according  to  Bonis, 
iUing  ricinoleic  aeid  with  caustic  potash,  or  by  distilling 
'  oil  with  the  same  base.     It  is  puritiod  by  rectification.     It 
((  K  MkorieM  oily   liquid,    staining   pa{)cr   like   volatile   oils, 
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inioluble  in  water,  soluble  in  olcoliol  and  ether.    Ithss  a  plei 
aromatio  smell.     Its  Sp.  G.  is  0-823  at  fi«'     It  boils  at  3oC% 

With  sulpliuric  acid  it  forms  the  sulphitctylin  acid,  or  aeid 
sulplinte  of  octj'le,  homologons  with  sulphovinic  acid.  Tb« 
formulft  of  this  acid  is  do  Hit  0,  H  0,  2  8  0>  ,  and  vith  baia  it 
forms  salts  of  the  formula  Ci«  Hn  0,  M  O,  2  8  0« . 

Hcatwl  with  excess  of  snlpfauric  acid,  octylio  alcohol  ji«U> 
the  carbohydrogen,  octylene,  Ci«  Hm,  bomoIr>gous  with  olefiaat 
gas,  which  is  also  found  in  the  naphtha  of  coal  tar,  and  in  natin 
naphtha. 

With  nitric  acid,  this  alcohol  is  oxidised,  yielding  pimelit, 
L"pic,  succinic  and  butrrio  acids,  with  other  products. 

CMoridt  of  octyh  is  formed  when  dry  hydrochloric  acid  acti 
on  octylio  alcohol.  It  ia  a  very  fragrant  ether.  FormnlaCu 
Hk  CI. 

Bromine  also  forms,  with  the  alcohol,  the  bromide,  tal 
iodine  the  iodide  of  octylc,  when  phosphorus  is  added,  as  ia 
prcpnring  the  iodide  or  bromide  of  ethylc.  They  reaembla  tb 
chloride. 

It  appears  from  the  latest  experiments  of  Bonis,  that  chlorkit 
of  octylc  (which  he  calls  chloride  of  cnpryle,  unfortunately,  nsM 
the  name  cnpryle  belongs  to  the  radical  of  caprylic  acid)  wba 
acted  on  by  sodium,  j-iclds  either  the  radical  octylc,  Ci«  Hir,  or 
caprylene,  Ci«  IIio,  which  is  the  hyduret  of  oipryle,  Cu  Hh,  H, 
according  to  (he  temperature  employed. 

Octylamine.  The  base  octylamine  (erroneously  capryUmiiu) 
will  undoubtedly  be  formed,  if  sulphocaprylate  of  potash  V 
distilled  with  cyanate  of  potash,  and  the  product  distilled  with 
caustic  potash.  Its  formula  is  Ci>  lli»  N  ^  N  H«,  Cia  Hit,  and 
it  most  probably  exists  in  the  distilled  oil  of  bones,  along  witli 
the  other  bases  of  the  same  series. 

But  Bouis  has  obtained  this  base  by  Hofmann's  proceas  of 
heating  iodide  of  octyle  with  an  alcoholic  solution  of  ammo- 
nia in  a  tube  hermetically  sealed.  There  is  formed  a  crystalliiw 
iodide  of  octylium,  N  Hi,  Ci«  Hn,  H  +  I,  (or  hydriodatc  of 
octylamine)  which,  decomposed  by  potnsh,  yields  t)ie  new  baM, 
as  a  liquid,  lighter  than  water,  colo\irless,  limpid,  with  aa 
ammoniacal  odour,  recalling  that  of  mnshrooms.  It  boils  betwica 
341°  and  347°  F.  It  forms  salts  with  acids,  and  is  a  stnn( 
base. 

When  iodide  of  ethyle  acta  on  octylamine,  there  is  formed  th* 
hydriodatc  of  a  new  base,  ethyloctylamine,  Ci«  Hm  (C«  Hi)  N, 
H  I.     In  this  bnse,  one  of  the  two    remaining   atoms  of  lb» 
hydrogen  of  ammonia,  the  third  having  been  reploccd  1 
is  replaced  by  ethyle,  so  that  its  rational  formula  ia   , 
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.  aad  it  is  an  imide  ba«e,  anolo^as  to  ethTlomethjlamine, 
H.  Me  Ae. 

Cfiprylr,  Ci«  IIu.  Of  this,  the  derived  negative  radical,  we 
low  tlio  hydrat«d  oxide,  the  acid,  and  the  hydurot. 
\  JTydrated  Oxuit  of  CapryU,  Cio  Ui.  O,  H  6.  Srs.  Cajin/liv 
]Uelit/de.  Caprylal.  This  compound  is  little  known,  but  is 
stained  in  the  pnxluct  of  the  action  of  heat  on  oaprylate  of 
jrta. 

Anhijdrowi   Caprtjlie  Add,  C\»  Un  On ,  ie  formed  when  oxy« 

-■i! -itie  of  phosphorug    8ot<    on  oaprylate  of  baryta.      It  is   a 

-d  mobile  oil,  feeling  fatty  to  the  touch,  of  an  offensive  nau- 

wuiu  imell,  espeeiiilly  when  it  ia  converted  by  the  moisture  of 

the  air  into  the  hydrated  acid.     It  boils  at  536°  F. 

Bydrateil  Caprytic  Acid,  Ci«  Hia  Oa  ,  H  0  =  Cm  Hia  0. .  This 
a«id  occurs  combined  witli  oxide  of  lipyle,  in  butter,  the 
flaroor  of  which  depends  in  part  on  this  compound.  It  is  also 
obtained  from  the  oil  of  coco,  and  is  among  the  volatile  products 
of  the  oxidation  of  many  organic  substances,  especially  oils,  by 
nitric  acid  and  other  oxidising  agents.  It  is  an  oily  liquid, 
having  a  rancid  odour  of  sweat,  which  is  especially  strong  when 
it  is  warmed.  It  congeals  at  50^,  and  the  crystals  do  not  melt 
".neareO'. 
Its  salts  have  a  good  deal  of  the  character  of  soaps,  and  are 
dttble  in  water,  with  the  exception  of  those  of  the  alkalies 
:  alkaline  earths. 
Caprylato  of  baryta,  when  heated,  yields  caprylone,  homologous 
with  acetone,  the  formula  of  which  is  Cso  Hm  Oa .  At  the  same 
titnc,  caprybil,  or  the  oajirylic  aldehyde,  seems  to  be  formed. 


Ssdicals  with  Oia  . 

Nunylo.    FolM-gyle, 

There  ean  bo  no  doubt  of  the  existence  of  two  series  of  com- 
ils  with  18  e<]s.  of  carbon,  one  corresponding  to  the  deriva- 
of  etliyle,  and  in  which  we  should  suppose  the  radical  C»» 
li»  ,  or  nonyle  ;  the  other  oorr«Bi>oniiing  to  those  of  aootyle,  in 
triudi  th«  radical  is  supx>osed  to  be  Ci«  II  it  ,  or  pelargyle,  As  yet, 
I  cfimpoands  of  the  nonylic  series  are  known,  although  we  may 
xpect  nonylic  alcoliol  soon  to  bo  discovered.  Of  the  pelargylic 
we  know  the  hyduret  and  the  acid. 
Anhyilriiiu  Pelarffotiie  Acid,  Ci*  HirOs.  Formed  when  oxy- 
hlorido  of  phosphoms  acts  on  pelargonate  of  baryta.  It  is  an 
dl,  lightjrr  than  wster,  of  a.  rancid  amvll,  which  becomes  aromatio 
rlirn  the  acid  is  placed  in  boiling  water.     At  32°  it  congeals. 
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Hydrattil  Pclargonie  Acid,  Ci«  Hit  0>,  HO.  This  oeid 
L£rst  observi'c]  in  the  volntile  oil  of  Pcl4trgoni\im  roteum,  bat  may 
he  obuioed  mure  easily  by  aoting  on  the  oil  of  rue,  Kula  tfrarevlmt, 
with  its  volume  of  nitric  aci<l,  such  as  is  made  by  mixing  eqiul 
I  Tolumes  of  strong  acid  and  irater.  It  is  also  found  among  tilt 
volatile  products  of  the  oxidation  of  oils  and  fats  by  nitrio  uM. 
It  is  a  colourless  acid  oU,  of  an  odour  resembling  that  of  bntjris 
acid,  easily  8<)li<lified  by  cold,  sparins^ly  suluble  in  wattT,  very 
soluble  in  alcuhol  and  ether.  PercIUoride  of  phusphoma  •UmIc* 
it  violently,  and  ooaverts  it  into  oxyohloride  of  pel 
p     n     Os   1 

It  is  supposed  by  some  that  the  ccnanthic  acid  of  Livbig  aad 
Pelouze^  which  is  not  identical  with  the  wnanlbyUc  acid  oMsiawl 
'torn  castor  oil,  is  pelargonic  acid.  In  that  case  the  onunUkie 
ether  of  wine  would  be  pelargonio  ether. 

The  salts  of  this  acid  reiiemble  those  of  the  analogou  aeU*. 
That  of  baryta  is  less  soluble  than  tlie  Talcrat«  and  aia»aikjUi», 
but  more  soluble  than  the  rutate  (caprate,  See  below). 

The  pelar°^)nate  of  ethyle  is  formed  when  hrdrochlorio  add 

I  is  passed  through  a  solution  of  pulargonic  acid  in  alcuhoL     It 

is  a  colourless  oil,  boiling  at  about  240^     It  has  a  peculiar,  »ta{a- 

fying,  vinous  odour,   and  seems  to  be  in  iiom*  iastABOM  dt< 

oonanthio  ether  of  wine,  which,  in  other  wines,  appean  to  bo 

Boanthic,   or   perhaps   ccnanthylic  ether.     No  doubt  pdargnnio 

land  (cnanthylio  ethers  ere  very  similar  in  properties,  being  can- 

Ltiguous  members  of  a  homologous  scries, 

Pelargonio  acid  forms  with  deutoxide  of  uitrogen,  a  new 
acid,  Cm  Hit  Os,  2N0i,  HO,  which  is  an  oily  liqaid,  of  aa 
odour  quite  different  from  that  of  pelargonio  acid.  It  fomu  (alts 
rith  bases,  which  crystallise. 

Oxychloride  of  pelargyle,  already  noticed,  is  an  oily  liquid, 
heavier  tliaii  water,  of  a  suffocating  odour  if  fuming  in  tha  air. 
|With  alcohol  it  forms  pelargonat«  of  otbylo. 

PaUn-ffone,  Cm  HmOi,  analogous  to  aoetoaa,  is  famwd  wbra 
])eJar;;ouate  of  baryta  is  heated. 

JIt/Juret  of  Pelargyle,  Cm  Hi.  =  Ci»  Hit  H.  Stic.  .yofijrlrM,b 
obtained  by  the  distillation  of  hydroleic  or  metolcio  acids.  It  is  a 
colourless  oil,  insoluble  in  water,  soluble  in  alcohol  and  ether.  It 
has  a  penetrating  odour,  and  boils  at  240*^.  The  deanty  of  its 
gas  is  4-488.  It  is  homologoiu  with  ths  hydttiot  of  otliyU  or 
oMiant  gas,  and,  like  it,  is  acted  on  by  chlorine,  funning  the 
OOmpound,  C>.  n>f  CI,  nCl,  homologous  with  the  oil  of  olsfiBat 
gas. 
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Radieala  witlt  Cv, , 

Capryle,  or  Uutyle. 

Here  also  two  teries  of  oompounda  undoubtedly  exut,  corre- 
■ponding  to  the  ethylic  and  acctj'lia  scries ;  but  as  yet  no  oom- 
pcntnda  of  the  former,  which  may  be  called  the  decatylic  series, 
on  known.  Of  the  lattor,  the  aldehyde  and  the  acid  axe  well 
known. 

Hyilrated  Oxide  of  liutijU  (capryle),  Cw  IIi«  0,  11  0  =  C»  H«o 
This  aldehyde  i^  found  as  the  [iriucipul  constituent  of  the 
le  nil  of  rue,  Ruta  graveoUnt.  It  is  purified  by  reotilication, 
then  an  oily  lii|uid  of  a  strong  disa;;reeable  odour,  boiling 
448^  V.  The  density  of  its  gas  is  0*83.  Like  the  other 
liyde*,  it  forms  crystulliue  c<jmpounds  with  ammouia  aad 
the  bisulphites  of  the  alkalies,  and  reduces  the  ammouiacal 
of  silver,  yielding  a  mirror-liko  deposit  of  silver.  By 
acid  it  is  oxidised  into  the  oorrespouding  acid. 
jj,.  ...i,..r  uldehydcs,  rutylio  aldehyde  presents  isomeric  or  poly- 
tions.  When  the  purided  oil  of  rue  is  dissolved  in 
•  uiiimeof  alcohol,  and  saturated  with  hTdrochlorio  acid 
brown,  fuming  moss  is  obtaiat-d.  After  distilling  olTtlic  more 
'  irolBtile  partA,  water  u  added  to  the  residue,  which  separates  an 
«il,  having  a  fragrant  odour  quite  difl'erent  from  thut  of  the 
rutylic  aldehyde.  On  standing,  it  solidifies  at  a  temperature  at 
which  the  oil  of  rue  is  still  quite  licjuid,  and  the  crystals  melt  at 
S<l°.  This  substance  has  exactly  the  same  composition  iu  lOU 
porU  as  rutylic  aldehyde  or  puriHed  oil  of  rue. 

Til*  tt«aropteoe,  or  solid  essence  of  mint,  has  also  the  same 
MMpOMtion,  but  different  properties. 

Jffydrated  Rutylic  Acid   (oopric  acid),   CsoHibOs,  H  0  =  Cio 

'  Hs>  0».     This  acid  was  first  found  by  Chevreul  in  small  quantity 

in  tnitttr,  and  especially  in  the  butter  and  fat  of  the  gout,  along 

with  caproic,  cajin-lic,  and  butyric  acids.     Hence  it  was  named 

Mprie  acid,  from  caper  a  goat.    But  as  both  caproic  and   caprylio 

a«id*  are  thna  named,  it  is  better,  to  avoid  confusion,  to  call  this 

I  MIS  rutylio  ooid,  and  its  radical  rutyle,  and  the  more  so,  as  tho 

J  acid  ia  best  obtained  by  oxidising  the  oil  of  rue  or  rutylio  alde- 

I  bjde.     In  butt«r,  and  those  fata  where  it  occurs,  it  is  combined 

with  oxide  of  glyeerj'le  or  Upyle,  forming,  like  tlie  other  oily  and 

fotaoidA,  a  ueutrul  oil,  rutyUne  or  rutylato  of  glycerine  (lipiuc), 

oh  is  one  of  the  tubstonoes  giving  to  the  fat  of  the  goat  it« 

liar  ktnmg  odour. 

Btj'lio  aoid  is  alao  found  in  the  oil  of  groin,  along  with 

■X  'i 


JH^i^aSm 


jgg^m^g^^ 
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lunylio  and  butylio  (probably  also  propylio)  alcoholr  _  «ii« 

acid.     It  is  one  of  the  volatile  products  of  the  o:-  jQ*, 

e8i)eoially  oily  ocidB  by  nitric  acid  ;  and  it  oooun  iu  Uiu  uU  ur  bt 
of  0000,  in  the  same  form  oa  in  butter  and  goat*  fat. 

It  is  a  crystalline  solid  at  the  ordinary  temperature,  boittg  tiie 
first  of  the  formylio  scries  of  acids  which  is  so,  thou((h  peUrgooia 
aoid  is  easily  frozen.  It  melts  at  about  8fi^ ;  is  insoluble  in  oold 
wat«r,  soluble  in  alcohol  and  ether.  Boiling  water  diasolTM  a 
little,  and  deposits  it  on  cooling  in  crystals. 

The  rutylates  have  a  soapy  charauter,  a&d  many  of  them  ate 
insoluble  in  water. 

RutijloU  of  ethi/U,  Ci  H,  0,  Cm  Hi9  0»  =  Ci«  Em  0*.  Bnt. 
Jtulylic  Ether.  Copric  Ether.  This  is  formed  when  hydmcUorie 
acid  gas  is  passed  through  on  alcobolio  solution  of  the  acid.  It 
is  on  oily  volatile  liquid,  of  a  very  agreeable  odour  of  fi-uita.  It* 
density  is  0'862.  l)y  ammonia  iu  excess  it  is  ooaycrted  int<> 
Hutykmide,  5H< ,  Ci«  Hie  Oi  =  Cm  Hti  NOi .  It  is  a  orjstalliu 
subbtonoe.  Probably,  if  heated  witli  anhydrous  phosphoric  acid 
it  will  yield  Kutylonitryle,  that  is,  cyanide  of  nonyle,  C«g  H«  N 
=  Ci.  Hi.  ,  Ci  N. 

Eutylic  acid  is  interesting,  as  the  first  tmly  fatty  aeid  of  the 
series  (Cn  Ud  )■  0> .  Tet,  although  solid  at  ordinary  t«Bipa*- 
turca,  it  is  perfectly  analogous  to  the  aoids  of  this  («rim  kit^MCto 
described.  In  these,  from  formic  to  oaprio  acid,  the  boiling 
point  has  steadily  risen  as  we  rose  in  the  scale,  while  the 
melting  point  has  also  risen  in  the  same  way.  The  oily  okanetet 
first  apj)ear8  in  propylio  acid,  d,  and  the  acids  with  Oi  le 
Cia  are  more  and  more  oily  as  we  go  on.  Pelazgonio  add, 
Cts  ,  although  a  liquid,  is  easily  conge^ed  by  a  moderate  degrw 
of  oold,  and  oaprio  aoid  requires  a  heat  of  80*  to  melt  it.  All 
the  acids  above  Ck  are  likewise  fatty  acids,  and  their  melting 
point  rises  with  the  amount  of  carbon.  It  is  said  that,  in  this 
series,  the  boiling  point  rises  19°  C,  or  66-^*  F,  for  each  addition 
of  C>  III ,  but  we  do  not  yet  know  exactly  how  many  degree*  Ike 
melting  [loiut  rises  at  each  step.  This  uncertainty  depeiuis, 
perhaps,  on  the  existence  of  isomeric  acids,  with  different  meltiBg 
points :  but,  however  this  may  be,  the  melting  point  rises  oi  we 
rise  in  the  scale. 

Of  the  members  of  the  two  series  of  radicals,  containing  mon 
tlian  20  eqs.  of  carbon,  we  know  only  the  acids  of  the  manm 
(C.  H«  )t  +  0» ,  save  in  a  few  instances  in  which  one  or  two  otker 
oomponnds,  belonging  to  the  series  of  the  alcohols  and  others, 
are  also  known.  We  shall,  tht-rwfore,  merwly  give  a  brW  e«t«- 
logue  of  Uie  remaining  acid«,  adding,  in  these  eaaea,  vkat  b 
known  of  the  other  compounds. 
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f  C«.     Maryaritie  Acid,   Cn  Hi.  Os ,  H  0  =  Co  Hm  0».     This 
a  etjitaUine  fatty  aoid,  less  fusible  than  the  lost.     It  is  ob- 
(rom   castor   oil,  in  which  it  is  combined  with  oxide  of 
^le  or  lipyle,  by  saponification.     Its  alkaline  salts  are  true 
(Oape.     It  is  now  considered  doubtful  whether  this  acid  have  the 
eoopoaition  here  given. 

C  M .  LaurotUaric  Acid,  C<«  His  Os ,  H  0  =:  Cm  Hm  0*  .  A 
eiystaUine  fatty  acid,  obtained  by  saponification  from  the  fat  of 
tlM  besries  of  Laurui  nobilis.  Forms  soaps  with  the  alkalies, 
and  a  fragrant  ether  with  oxide  of  ethyle. 

C M .  Cocinie  Acid,  Cm  Hm  0»  ,  H  0  =  Ctw  Um  0* .  Like  the 
pKoediug,  but  less  fusible.  It  is  found  in  the  fat  of  the  ooooa 
Bllt,  combined  with  oxide  of  glyoeryle.  Cocinate  of  oxide  of 
hyle  is  a  liquid,  with  a  very  strong  fragrance  of  apples. 

Myrittic  Acid,  Cm  Hit  Os ,  H  0  =  Cis  His  O4 .     A  orj's- 

fatty  acid,  found  in  the   fat   of  the   seeds  of  Myriitiea 

tta,   or  nutmeg.     It  melts  at   118^     Its   compound  with 

I  of  lipyle  is  the  chief  ingredient  of  tho  fat  of  autmeg.     The 

ate  of  oxide  of  ethyle  is  an  oily  liquid. 

'  Gw.     Brnic  Acid,  C»  Hm  0« ,  H  0  =  Cao  Hao  0«.     Found  by 

falter  in  a  certain  variety  of  oil  of  Ben  or  Bohen.     It  resembles 

I  preoeding,  but  melts  at  125'.    The  same  acid  is  said  to  exist, 

•mall  ((uantity,  in  spermaceti :    and  the  acid  of  the   oil  of 

\iUiHgiii  leii/era,  or  stillisteario  acid,  appears  to  have  the  same 

nnla. 

Badioals  with  Gn  . 

Cetylo  Cm  Hn,  and  Palmitjla  Cm  Sai  . 

XImm  radicals  both  form   a  good  many  compounds,  some  of 
bieh  are  very  abundant  in  nature. 

Cetj/U,  C»  Hu  ^  Ct,  has  not  been  described  in  the  separate 
but  will  certainly  prove  to  be  a  solid,  crystalline,  fusible, 
ivolatile,  being  homologous  with  ethyle,  amyle,  &o. 
jxide  of  Cftt/U,  Ci>  Hm  O,  homologous  with  oxide  of  ethyle, 
k  obtained  when  iodide  of  oetyle  is  acted  on  by  the  oxide  of 

wtylc  and  sodium,  ^^  '*"  |  ^  +  C.  H«  I  =  Na  I  +  2  C.  Hm  0. 

It  fbntu  brilliant  scales,  insoluble  in  water,  soluble  in  aloohol 
aad  ether,  melting  at  131°,  boiling  at  572". 

JTydrated  Oridt  of  CH;/U,  C«  n»»  0,  H  0.     Srw.     Cetijlic 

hoi.    Elhal.     This  aleohul  is  obtained  from  oetine  or  purilied 

i,  which  is  composed  of  palmitic  acid  (see  below)  and 

oetyle.     The  cetine  is  sapouilied  by  bulling  with  nn 

ktgolie^-  solution   of   jiotash,   when    palmitutc  of   iH;t»»h    and 
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bydrated  oxiile  of  cetyle  nro  fonnc<3.  The  palmitic  acid  i* 
precipitated  by  means  of  cbloride  of  bnriiim,  as  palmitnto  of 
bonrta ;  the  im-cipitatt--,  U<  which  the  new  alcohol  adheres,  is  utcd 

by  aloohol  which  dissolve*  the  ethoL  It  is  purified  by  colatiua 
)b  ether. 

Rthal,  or  oetylio  alcohol,  is  a  white  waxy  solid,  which  crystal- 
lises from  it«  solution  in  alcohol  or  ether  in  shining  scalen.  It  molta 
at  112^,  and  may  be  distilled  unchanged.  It  eren  pns«es  orer 
with  the  vapour  of  water.  It  is  tasteless  and  inod<irou«,  inaolabla 
in  water,  soluble  in  alcohol  and  ether.  It  is  in  alt  rvafi^cts 
homologous  with  alcohol,  forming,  with  sulphuric  acid,  an  add 
tulphate,  siilphocctylio  acid;  and  the  salts  of  this  acid  correspond 
to  the  sulphovinates. 

Chhiride  of  Cetyle,  Cm  Hm  CT,  is  formed  by  the  action  of  per- 
ehloridt-  of  phosphorua  on  cetylio  alcohol.     It  ia  an  oily  li(][ui(~ 
lighter  than  water, 

Brvmiile  of  Ceti/!e,  formed  by  the  action  of  bromine  and 
phorus  on  nctylio  alcohol,  is  a  fusible  solid.    Formula  Cji  H>»  Bt. 

loJide  of  Cetyle,  Cjj  H»i  I,  formed  in  the  same  way  as  tht 
bromide,  is  also  a  crystal)  isablo,  fusible  solid.  With  dry  am- 
aionia  it  yields  trioetylamine. 

Oxide  of  Cetyle  and  Sodium,  ^"  ^^  |  q  is 

diam  acts  on  oetylio  alcohol.  It  is  a  solid  body,  melting  at 
230'. 

Cm  TT»j 
Trieetylamine,  N,  Cm  H.i» 

Cat  His    ; 

°)  . 

tnonia,  N   H  }  or  N  Hs ,  is  obtained  by  the  action  of  dry  ammonia 

h) 

on  fused  iodide  of  cetyle.  It  dissolves  in  hot  alcohol,  and  on 
cooling  crystallises  in  acicular  crystals,  fusible  nt  103^.  It  ia  a 
base,  though  not  a  [wwerful  one,  and  some  of  if«  salts  crystal- 
lise. Its  empirical  fonnula  is  Cm  Um  N,  and,  notwithstanding; 
I  tile  prodigious  difference  between  this  and  the  formula  of  ammottia, 
N  Ha ,  it  yet  possesses  all  the  essential  characters  of  a  bta4 
homologous  with  amtoonia,  being  volatile,  though  solid  at 
ordinary  temperatures,  and  apt  to  be  partially  destroyed  by  the 
heat  renuiriiJ  to  distil  it;  it  combines  with  b:iscs,  form  in;;  salt*, 
nd  yields  a  double  salt  with  chloride  of  platinum,  corresponding 
I  that  fonncd  by  ammonia.  All  this  is  explained  by  the  rational 
brmuln,  N  CU,  for  this  is  the  type  of  ammonia,  N  ir«,  and 
ioetylamiue  is  exactly  parallel  to  trimethylamine,  N  Mc» .  The 
I  with  only  1  and  2  e<{s.  of  cetyle  arc  not  yet  known,  but 


) 


formed  when  to- 


or  ?f  Cts,  homologous  with  am- 


PALMITIC   ACID. 


279 


will  WTtalnly  be  more  uulogous  to  ammonia  than  tliis  one,  juat 
■a  nMllijlxmiiie,  K  w*  i    is  liker  to  ammoaia  than  dimuthylamioe 

5  S       {  or  trimetliylaraine,  N  Mes ;  so  like  indeed,  as  not  to  be 
•tally  distinguuhcd  from  it.    The  formulae  of  these  baaea  will  be, 


ChtExN 


=  »?,■! 


and  C«  H«  N=N 


H 
Ct> 


I 


Smtphurrt  of  Catyh,  Cai  IIm  S,  is  fiirraed  'when  fin  alooholio 
utiou  of  [iroU)8uIphuret  of  {lotossium  acta  on  chloride  of  octyle. 
If  »  crfstalliae  solid,  fusible  at  137'  F,  very  soluble  in  ether. 
hhydrale  of  C'HyU,  C»«   H»»  8,  11  8.     Srsf.      CetyUc  Mer- 
it formed  aa  tlie  bulphuret,  usin^  sulphhrdrate  of  potaa- 
K  S,  II  S,  and  chloride  of  cutyle.     It  ia  a  oryslalline  solid, 
ellint;  at  113^.     Its  alcoholic  solution   causea,   after  a  time, 

giitjitea  in  solutions  of  silver  and  mercury. 
Palmitylt,  C»  H>i  :=  Fl,  ia  not  yet  known  in  the  unoombined 
ite. 

HydraUd  Oxule  of  Palmitylo,  Cm  Hh  0,  H  0  =  C4i  H.f  Ot. 
Fiilmitic  aUtrhyde,     Celylic  ahiehyda.     It  is  obtained  by 
idiaing  retylic  alculiul,  as  aldeliyde  ia  from  alouhol.     It  ia  a 
lid,  melting  at  210'  F.     It  ia  but  little  knoim  as  yet. 
JlydraUd Palmitic  Acid,  Cm  H.i  0»,  H  0  =  Cm'LL. O*.   Stk. 
ic  Acid.     Ethalic  Acid.     This  acid  ia  very   abundant  in 
Combined  with  glycerine,  in  the  form  of  a  neutral  fat, 
palmitine,  it  ia  the  chief  ingredient  in  palm  oil.     Com- 
«ith  oxide  of  oetyle,  it  forms  cttine,  the  principal  consti- 
Ot  of  spennaoetL      In  bees'  wax  it  occurs,   combined   with 
of  myricylo  (see  below),  as  myriciae,  that  part  of  purified 
wax  which  bulling  aloohul  does  not  dissolve,     It  is  found  also 
buttir  and  in  human  fat  as  palmitine,  mixed  however  with 
ler  nvutrol  fats. 

may  be  formed  artificially  by  heating  with  caoatio  potoah 

thcr  rotylic  alcohol  or  oleic  acid  (see  below). 

In  palm  oil,  when  long  kept,  the  palmitine  is  more  or  less 

IrouaijHiwd,  the  prilinitio  acid  ond  the  glycerine  being  both  set 

It  is  bent  obtained  by  aapuuilyiug  palm  oil  with  eaustic 

a,   and  decom|>osing    the  soap  with  hydroehlurio  or  tartaric 

d.     Tho  fatty  acid  masa  which  separates,  if  clisaolved  in  hot 

,  which,  00  cooling,  deposits  crystals  of  palmitic  acid,  the 

acid  of  the  palm  oil   remaining  dissolved.     Hy  pressing  the 

In  bibulous  pa|H'r,  and  repeating  the  process  of  orystalli> 

m   with  fresh   alcohol,  tho  acid  is  obtained   pure  ;  which  u 

lowo  by  its  melting  at  143-^^  F.     The  melt/>d   acid,  in  cooling, 

a  noa*  of  oryatalliuc  scales.     It  ia  insoluble  in  water,  very 
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soluble  ia  alooliol  and  ether.    Tdien  oaatiouily  befttod,  it  tur 
be  TolatUisc'd  without  residue  and  unchanged. 

The  palmitat«B  of  the  alkalies  are  regular  soapa.  The  othct 
polmitatfs  are  insoluble.  The  oharaoters  of  a  fatty  add,  and 
those  of  soaps  in  its  salts  irith  potash  and  soda,  are  per&etl; 
seen  in  palmitic  acid ;  and  yet  it  it  perfectly  humologoiu  with 
•oetio  acid,  in  which  none  of  these  characters  appear.  It  ia  tdi, 
Tolatile,  and  in  all  ita  chemical  relations  runs  parallel  witb 
acetic  acid.  The  general  formula  of  the  palmitataa  ia  CW  lis 
0,,M0. 

Palmitate  of  ethyle,  or  palmitic  ether,  is  a  solid,  fusible  at  76* 
F.  and  the  palmitate  of  amyle  ia  similar. 

PaUnilatc  of  Cetyle  is  oetine,  the  pure  solid  crystalline  nUM  if 
apenuacetL  It  farms  beautiful  silvery  scales,  fu&ible  at  tlfi 
and  at  084°  it  volatilises  unchanged.  Its  formula  is  Gn  Um  0, 
Csi  H>i  0>=  Cm  Um  0.=  Ct  0,  PI  0,. 

It  was  for  some  time  supposed,  that  the  palmitio  •dd  tt 
spermaceti  diifered  from  that  of  palm  oil.  But  it  baa 
proved,  not  only  that  these  two  are  identical,  bat  that  the 
acid  occurs  in  human  fat,  butter,  wax,  and  other  &ttj  bodiea, 
ao  that  it  is  one  of  the  most  important  fatty  acids. 

Palmitate  of  Myricyle,  C«o  H«i  O,  C»i  Hsi  0,=  Cw  Hn  0»,  n 
the  part  of  wax  insoluble  in  hot  alcohol.  It  melts  at  16^'  wbao 
quite  pure. 

ITyduret  of  Palmityh,  Css  Hsi,  H  =  Cn  Ha>.  ixy.  Ctty- 
iciie.  Cctene.  Palmitene.  Is  homologous  with  olrfiant  gas, 
and  is  obtained  by  heating  oetylio  alcohol  with  anhydrous  pboa- 
phoric  aoid.  It  is  an  oily  liijuid,  boiling  at  i'l''  V.  The  density 
of  its  goa  is  8-007.  It  is  insoluble  in  water,  soluble  in  aloobo], 
«ther,  &o.,  and  bums  «-iUi  a  pure  white  flame.  It  ia  fomad 
also  when  cetine  is  distilled. 

From  the  heavy  or  sweet  oil  of  wine  when  acted  on  hy  wittTi 
there  separates  a  liquid,  the  light  oil  of  wine,  which  aeetaa  to  bt 
polmitino,  boUing  at  the  same  point.  In  the  cold  it  jviA» 
crystals  of  the  same  oomposition. 

Palmitvne,  Cm  Ilot  Oi,  is  homologous  with  aoetone. 
formed  when  palmitic  acid  is  heated  with  ezoesa  of  linia. 
«  crystalline  solid,  eadlj  foMblu. 

Bjulicals  Tith  Cu . 

ur  this  series,  we  know  only  compounds  of  the  negatirc  radi 
Cm  n»i ,  thorn*  of  the  positive  radical  Cit  Hs>  being  as  yet  undis- 
rovcrcd. 

Maryarie  Acid,  Cm  Um  Oi,  HO  =r  C>t  HmC.  This  •M 
is  004  of  the  most  abundant  and  important  of  the  fattj  Mid*. 
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b^yocrUie,  as  margarine,  it  occurs  in  many  fata,  in 
fut,  butt«r,  and  some  other  animal  fats,  and  in 
•aoh  as  oUtb  oil.     The  acid  uay  be  extracted 
om  soap  made  of  these  fats,  but  as  it  is  mixed  with  much  oleic 
~aad,  it  is  better  to  prepare  it  by  distilling  cither  tallow  or  crude 
I  acid.     In  the  latter  case,  the  product  is  well  squeezed  and 
\>y  solation  in  alcohol,  and  crystallisation.     If  prepared 
I  stearic  aoid  by  nitric  acid,  it  is  pure  from  the  tirst.     It 
Dg«  to  the  series  (Co  Un)  +  0«,  and  it  is  probably  in  oonse- 
D«e  of  its  composition,  that,  like  the  other  acids  of  that  series, 
it  it  Tolatile  without  decomposition. 

Motoric  acid  is  a  white  solid  fat,  of  distinct  aoid  properties, 
laiibk  at  140%  very  soluble  in  hot  aloohol  and  in  ether.  It 
iaatutly  combines  with  bases,  decomposing  the  carbonates  and 
*'»'T*"g  perfect  soaps  with  potash  and  soda.  The  neutral  mar- 
g*i«t«s  of  potash  and  soda  are  decomposed  by  the  addition  of 
much  water,  depositing  the  acid  margarates  in  pearly  scales. 
MargaraU  of  glycerine,  or  margarine,  is  found  pure  in  the  solid 
part  of  human  fat  or  of  olive  oil.  It  dissolves  in  hot  alcohol 
l>d  orystollises  on  cooling.  MargaraU  of  oxide  of  ethgU  is  a  white 
iblc  solid. 
The  general  formula  of  the  neutral  margarates  is  Cu  Hu 

MO. 
Moat  chemists  adopt  the  formula  here  given  for  margaric 
eid,  but  Keintz  contends  that  margaric  acid  is  nut  a  single  aoid, 
^t  a  mixture,  or  rather  a  compound  of  palmitic  acid  (Cu  )  with 
■teario  acid  (Cs*  ].  He  states,  that  if  margaric  acid,  melting  at 
(O^,  bo  subjected  to  further  purification,  it  yields  palmitic  acid, 
rbiofa  melts  at  144-'.  It  is  certainly  remarkable  that  the  melting 
rmurgario  acid  (Cm  ),  should  be  lower  than  that  of  palmitic 
('(Cw  ) ;  and  it  is  a  very  frequent  occurrence  tliat  a  mixture  or 
oompoand  of  two  similar  substances  differing  in  fusibility,  such  aa 
^metals,  or  two  fats,  is  more  fusible  than  either.  Ueintz  alio 
that,  by  mixing  9  or  10  parts  of  palmitic  acid  with  1  port 
■io  acid,  an  acid  is  obtained  having  the  melting  point  and 
fstallinc  form  of  margaric  acid. 

On  the  other  hand  Chevreul,  who  first  described  margaric  and 
•tcario  acids,  is  distinguished  for  his  extreme  accuracy,  and 
stilly  did  not  neglect  the  purification  of  his  margaric  add  ; 
tt  be  oould  not  obtain  it,  although  he  endeavoured  to  do  so,  with 
bcr  melting  point  than  140^.  Uuny  other  ohemists  have 
ard  liis  results,  and  the  numerous  analyses  of  margaric  acid 
its  Mtltx  agree  well  with  the  fonnula  Cst  Hm  0«.  Xo  doubt 
s  mixture  of  1  vq.  of  palmitic  iioid  with  1  eq.  of  stearic  acid  would 
'  STc  tbK  Mune  composition,  for  Csi  Hm  0«  +  Cm  Hm  (>>  =  Cm 
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BmOi  =  3(CmIImO.).    Bat  BdMi  fcml  it  aawMr^  t«^ 
•  or  10  fmxU  of  palaiti*  to  1  «f  rteuw  aad,  wMdi  must  fH^I.. 
unlyai,  m  Ranlt  hanSj^ftdaffirMi  Uat  obtained  with  pa]mitit 

The  probabQitT  is,  thai  h^k  laeta  are  trne,  and  that  (hm 
«xi»ta  an  uaA  with  the  -faraala  Cm  Hm  Oi  ,  homolcgoa!!  wi& 
aoetie,  butyric,  and  palaitie  aetda,  aad  the  athen  of  the  arriM; 
this  is  morgaric  acid,  which  Chemtil  md  othefs  haro  ezsmiavd. 
But  as  two  ooDti^i'Us  ineiaben  of  a  homologooa  tefiee  an 
always  very  tinilar,  margaric  arid  muit,  and  indeed  doeii,  v«n 
clo&clr  rcsenitile  palmitic  acid  <m  tbe  one  sidr,  and  ittsme  aoid  «0 
the  other.  And  nothing  ii  mure  likely  than  the  oocarrcMV  oC  t 
mixture  of  palmitic  and  stearic  acids,  both  of  tht-m,  aa  well  m 
margoric  acid,  being  abundant  and  widely  difTiued.  Sttril  t 
mixture  must  still  more  closely  re»emble  mai^ricacid ;  and  imk 
a  mixture  hiu  pmbably  b^en  examined  by  Ueintx.  It  it  mt 
probable  that  the  iame  kind  of  fat  may  at  one  time  yield  i 
garic  acid  and  at  anutlicr  the  stearic  pahnitio  acid  of  Hcintr, 
I'Vl  know  tlint  in  butter,  at  uno  time  we  obtain  both  butyric  ( 
wproic  acids,  at  another  time  neither  of  theae,  but  a  new  arid  i 
tarmrdiato  bctwron  them,  whioh  is  made  up  uf  1  eq.  of  raeh, 
C  \U  O.  4-  Cii  Q.i  04  =  C»  Hw  O,  =  2  (Cio  H.O  O.).  Thii 
acid,  which  Ix-rch  ealU  vaccinic  acid,  forms  salts  ditTrreol  (ra« 
tlintc  of  butyric  and  raproic  acids,  but,  when  heated,  it  is  rtnol^ 
into  the«  two  acids.  Yet  this  does  not  intrrfrre  with 
esittcnop  uf  an  arid  of  the  formula  Cio  IIu'  Ot ,  for  that  is  tW  I 
uula  of  valerianic  acid,  which  i^  quite  distinct  from 
Tsoetnie  or  eaproio  acids, 

la  liko  manner,    strampalmitio  aeid  may  exist,  and  vtll 
HalqgDtia  to  vaccinio  aoiil,  and  very  similar  to  marfjario  i 
vliile  warirario  a<<ld  also  exists  and  corresponds  to  valet  ianie  i 
I  Mearto  acid  oorrMpunding  to  the  eaproio  aeid  of  the  abor*  ilhi»> 
ttrntien. 

ilarf«r»mi(U,  Cm  Hm  N  0«  =  5  Hi   Cm  H»  0>  ,   it  fonned 

whMt  dry  I" ■    ■-'  "  ■-  lots  on  fats  or  oils  containing  marnriae. 

[it  i»  a    V  solid,  which    is    fusible,     solnble   in 

r  riacr,  ana  uroumpotcd  by  boiling  with  alkalies,  yiaid 
k  aad  nuKwie  Mid. 

~'    V  is  a  solid  white  oiTntallina  body, 
•*^  i  heated  with  excess  of  lino. 

.•«,   .luu  is  •* oonpound  of  marine  aci.^ 
'\  wliitdi  is  Mf7  abnndAiit  in  natnre,  and  .  it 

ta  whiok  tlio  mdi  ''  '".     It  is  a  neutnl  Ui,  aa 

Mk  alkaltM^  jrioMa  •  aeaj*  .  tli,  or  uarxanite,  and  glyee- 

rUo  ««■  liydnilr«i  »xUt  of  ((1\  tvr.i  1«.    Its  piveiso  oompodtioa  ia 
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cdtunly  IraowB,  bat  we  shall  retam  to  it  nnder  the  head  of 
(Kt*  and  oils  which  iu«  oomiraunds  of  glycerine  with  fatty 


Radirmli  with  Cm  . 

Here  also  no  compoandu  of   the  positive  radical  Cm  Hi;  are 
liut  the  aoid  of  the  negatiro  radical  Cm  Hit  is  the  well- 
known  ttt-nric  arid. 

UJ  Strarie  Acid,  Cm  Hss  Oa,  HO?  This  is,  perhaps,  the 
rtant  and  inost  abundant  of  the  fiitty  acids.  It  exists,  in 
witli  glywriue,  as  stearine,  in  boof  and  mutton  fat, 
111  vegetable  fub ,  such  as  the  batter  of  cucao.  To 
I,  muttdii  xucl  is  snponifled  by  boiling  with  potash,  and  the 
•oap  dcoomjiOHcd  by  an  acid,  when  a  mixture  of  stearic 
nd  eUse  acids,  the  latter  in  small  proportion,  rises  to  the  surface. 
U  is  atrongly  pressed  bclwcen  warm  plntcs,  so  as  to  get  rid  of  tho 
neid  in  grtut  pnrt,  and  it  is  Anally  purified  by  solution  in  hot 
»nd  cryBtnlliMlinn,  rcpeatt-d  till  its  melting  point  is  oon- 
•Uat  kt  167''.  Cir  the  stearic  iicid  of  commerce,  which  is  nearly 
pan,  may  be  purified  by  means  of  alcohol.  Or  again,  tallow 
Bay  bo  mixed  with  half  its  weight  of  oil  of  vitriol,  and  the 
^aaas  malted  in  hot  water,  which  femores  a  compound  of  sul- 
^^^^^w  aelil  with  glycerine,  while  the  stearic  acid  rises  to  the 
^^IPHk  and  is  to  be  purilied  as  above.  Finally,  pure  stearine, 
^^^nl^OiMtid,  and  the  soap  oeted  on  by  an  acid,  yields  at  once  pure 

Stearic  aoid  is  a  white  solid,  fusible  at  1C7^,  and  on  cooling 
fovning  brilliant  white  needles.  It  may  be  reduced  to  powder, 
and  is,  Vlkt  all  fat  acids,  insoluble  in  water,  soluble  in  alcohol 
•ad  ather.  It  bums  like  wax,  nnd  is  used  in  the  formation  of 
tanroTed  candles. 

Xha  iteiino  aoid  of  which  candles  are  made  (called  wax  candles, 

aai  in  nuiny  points  a  good  and  cheap  stubstituto  for  candles  of 

naJ  wax),  is  made  by  sa|>onifying  tallow  or  suet  with  lime  nnd 

iiot  wotrr,  aided  by  a  cummt  of  steam.     The  sapunitied  moss, 

ffHUdcting  of  soaps  of  lime,  with  exoens  of  lime,  is  now  stirred  up 

in.  the  water  and  added  tu  dilut<-d  sulphuric  acid,  and  the  mixture 

by  steuni.     Tho  fatly  acids  ore  set  free  and  rise  to  the 

*•  an  nit,  which  on  oooling  forms  a  solid  fat.     This  is 

in  a  hydraulic  press  to  remove  the  liquid  aoid, 

!i"  onkc  thus  obtoinc-d  is  again   pressed  bi'tween 

warm  ir^ii   i'l.nU-<,  t'l  exjiel  more  of  the  lii[Uid  acid.     The  solid 

lekidae  in  now  lunrly  pure,  if  tallow  or  suol  have  alone  been  used; 

It  if  other  fat«,  such  as  lord  or  palm  oil,  have  buvu  added,  aa  ii 
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often  the  case,  the  stearic  a<ud  u  oontominAted  with  mM;g«rio  or 
palmitio  a^id,  or  both. 

Stvaric  acid  may,  if  heated  in  small  qoantitiea,  be  TolatiliwJ 
unaltered,  a  character  belonging  to  all  tho  acids  below  it  in  lb* 
series.  When  heated  too  strong-ly,  or  in  large  masaea,  it  ia  dioow- 
posed,  yielding  oarbohydrogens,  water,  &o.  The  prodoot  lliw 
ubtaiued  tcos  at  one  time  supposed  to  be  margaric  acid,  bat  it  it 
only  a  mixture  of  stearic  acid  with  carbohydrogena  and  tnte; 
oasibly  with  some  margaric  or  palmitic  acid  also. 

Stearic  acid  was  long  supposed  to  be  bibasio,  and  t«  ham  a 

formula  double  at  least  of  that  now  given.  But  it  is  erident,  tram 

the  perfect  analogy  in  properties  hetween  it  and  palmitii}  tad 

pjuorgorio  acids,  that  it  must  belong  to  the  series  of  moaaibida 

'  volatile  acids,  homologous  with  acetic  acid. 

hi  neutral  salts,  therefore,  will  have  the  formula  Cm  BmOi, 
M  0,  and  in  its  acid  salts,  the  formula  of  the  hydrated  aoid  wiU 
be  added  to  that  of  the  neutral  salt. 

Heated  with  anhydrous  phosphoric  aeid,  steario  aoid  loaea  S  aqi. 
of  water,  and  yields  a  waxy  solid,  of  the  formula  Cm  Hm  Ot ,  not 
yet  named. 

Heated  with  quick  lime,  steario  aoid  yields  aiu>thc>r  AidUs 
orystalline  solid,  along  with  liquid  carbohydrogens.  The  solid 
product  is  called  stearone.  It  forms  pearly  scales,  fusible  at  Itt". 
Its  composition  ia  not  accurately  known,  hut  it  contains  oxyget. 
Margaric  acid  seems  to  yield  the  same  compound. 

The  neutral  stearates  of  the  alkalies  are  perfect  aoapa.  TklJ 
dissolve  in  from  10  to  20  ports  of  hot  water;  the  addition  qf  a 
large  quantity  of  water  dcoomposes  them  into  aoid 
which  are  deposited,  and  basic  stearates  which  remain 
Fur  the  same  reason  a  hot  solution  of  a  neutral  stearate 
comes  gelatinous  on  cooling,  from  the  separation  of  the  aoid  aalt. 
AciiJ  itearate  of  axiiU  o/ethi/U,  bl,  Ae  0  +  St.  HO,  and  ntittrmi 
ttearnU  of  the  same  hose,  St,  Ae  0,  are  both  white  cryataHiM 
,  J\isible  solids ;  as  is  likewise  the  ttearatt  of  oxide  of  mtitMfk, 
6t,  Mt  0. 

SUarine,  the  chief  ingredient  of  suet  and  tallow,  is  a  liearattof 
urifta  of  glyctryle,  but  wc  shall  mention  it,  with  other  analogous 
cumpouuJs,  under  glyoerine.  AVhen  boiled  vrith  alkaliea,  ■tMrlttOy 
likx  all  other  fats,  ia  saponified  :  that  is,  the  steario  acid  ooflibiBM 
with  tliu  alkali,  forming  soap,  and  glycerine  is  separated.  Pure 
■tearine  is  ubtaiued  by  pressing  tallow  Ix-twcen  hot  olsiti-s.  and 
ofterirards  dissolving  iu  hot  utlier,  which  on  cooIki  the 

atcariue.  It  is  like  wax  iu  sppcaranoc  when  it  ho^  i....  .^^.ited, 
and  it  may  bo  puwderoU.  It  orjrotallisM  from  it*  solution  In  hot 
ether  in  pearly  seolcs. 
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»  niranlly  said   to  melt  at  HS-S".     But  it  has  been 

hy   huSy   thut  stearine  may   be  obtaiued   by  reift-rotcd 

ationa  from  ether,  tiie  melting  point  of  which  is  so  high  oa 

,  nnd  that  the  same  stearine  can  exist  in  several  states,  eacJi 

B  different  melting  point.  Thus  gtearine  melting  at  H7-5"', 

'■  hc«ted  to   150",  will  solidify  at  H5-6°  or  H0-.     But  if  it  be 

to  XHT,  it  will  not  solidify  till  it  oools  to  about  124%  and 

r  it  haa  recovered  it«  first  melting  [Kiint  of  147-3°.    Again,  that 

irltieh  baa  only  b<%n  heated  to  IM)",  which  solidifies  at  1'1(>-,  is 

I  and  friable,  instead  of  being  translucent,  and  in  this  state 

r  melta  at  the  high  temperature  of  151°  or  eren  157°. 

are  thus  three  states  of  the  same  steorioe  ;  one  a,  melting 
;  124%  another  $,  at  147-5°,  and  a  third  7,  at  151°;  that  which 
lifie*  at  124^  does  so  rapidly  ;  while  that  which  solidifies  at  146° 
I  yery  slowly.     They  differ  somewhat  in  appearance,  and 
D,  to  a  small  degree,  in  density.     The  Sp.  0.  of  a  has  been  found 
to  be,  at  60-,  0-9867  ;  that  of  fl,  I'OlOl  ;  and  that  of  7,  1-0178. 
'  These  modifications  have  some  analogy  with  the  allotropic  states 
7  certain  elements. 

'  Stearate  of  lead  is  an  insoluble  fusible  soap,  or,  as  it  is  called, 
k  piaster.     The  same  is  true  of  morgorate  of  lead,  and  in  general 
^  the  compounds  of  lead  with  fat  acids. 
When  margarine  or  stcarinc  ore  distilled,  they  jrield  the  very 
in  of  acroleine,  a  product  derived  from  the  glycerine 
!\  these  fats ;  but  pure  stearic  and  margaric  aoiils  yield 
ruue  of  acroleine.     Neither  do  they  yield  any  sebacio  acid 
the  products  of  their  distillation,  this  acid  being  derived 
^Tely  from  oleic  acid. 

r  Acid,  a  fatty  acid  fonnd  in  the  oil  of  Batsin  lafifolia,  was 
.  to  be  a  different  acid  from  stearic  acid,  when  the  latter 
regarded  as  isomeric  with  margaric  acid.  But  as  we  have 
now  adopted  for  stearic  acid  the  formula  Cu  Hu  Ot ,  which  is  also 
that  of  bonsic  acid,  it  is  evident  that  bassic  aoid  is  simply  stearic 
Mid  from  a  new  source,  and  probably  slightly  modified  by  the 
see  of  a  trace  of  some  other  ooid,  which  makes  it  rather  more 


Cu.  Balenie  Arid,  Cm  Hsr  0* ,  H  0  =  Cu  Hm  0. .     This  is  a 
ktty  acid,  melting  at  164°,  and  ia  said  to  be  found  in  the  usual 
ubination,  in  some  forms  of  whole  oiL 

C*..  Arnchidic  Acid,  C«  H,,  O. ,  H  0  =  C«,  Il«o  0»  •  This 
lid  is  found  ill  the  usual  forpi  of  a  neutral  glyoeride,  in  the  oil  of 
\raehit  h>ipogifti,  or  earth  nut.  When  purified  from  the  oleic  acid 
^othcr  acids  which  accompany  it,  it  is  a  solid  white  fat, 
sing  in  brilliant  scales,  fusible  at  167°.  It  is  sparingly 
in  cold  alcohol,   but  very   soluble  in   boiling  absolute 
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alooliol  and  in  other.     The  araohidat«  of  6tli]rl«  ia  n  tough 
tAllioo  substance,  melting  abuut  131°. 

Ct  .  m/ienic  Acid,  C.  U«.  0, ,  U  O  =  Cm  Hm  0.  — TbU  acid 

■woa  found  by  V6lcker  in  the  oil  of  Moringa  olei/era,  or  oil  of  Bm 

or  BchcD,  OS  it  is  called,  which  is  very  similar  to  olive  oil,  nd 

lias  tlie  advantage  of  not  soon    becoming  ranoid.      Ilefloe  it  it 

much  U3cd  for  hair  oil,  and  ia  the  ba.sid  of  Maoajsor  oil.     The  oil 

contains  oxide  of  lipyle  or  glycerine,  united  to  b«hen!e  scid  and 

one  or  two  other  fatty  acids,  which  are  obtained  by  i-  mti, 

88  usual.  Behcnic  acid  is  a  cjj"i>talline  fatty  acid,  mi  i  IJ'. 

Like  steorio  acid,  it  may  be  powdered.     Uebeuic  ether  Ct  U*  0| 

C^  H«i  Oj ,  is  a  crystalline  solid,  melting  at  about  1 20*.     Up  t« 

Ills  point,  namely  C<i,  the  aeries  of  volatile,  uily,  and  fatty  add*, 

om  formio  acid  to  behenic  acid,  is  complete.     Beyond  C««,  two 

eids  are  known,  and  in  each  case  the  aloohul  of  the  oorresponding 

eriea  is  also  known. 

Cm.      Cerolie   Acid,    Cm  Haa  0,  H  0  =  Cm  n.«  0>.      TU( 

'vcidwss  recently  discovered  by  Brodie,  as  an  ingredient  of  beet* 

wax,  and,  what  is  unusual,  in  the  free  state.     It  may  be  obtainad 

by  dissolving  wax  in  hot  alcohol,  and  repeating   the   op(!ratia& 

jlrith  the  substance  deposited  on  oojling,  till   its  meltinif  point 

Ixiaes  to   162".     After  this  it  b  purified  by  re^>ent< .!  *  "i«»- 

|tions  from  other,  till  the  melting  point  rises  to  171~,  Uot 

of  the  acid.     It  was  formerly  supposed  to  be  a  neutrui  lut,  lu  tl>« 

impure  state,  and  was  called  cerine,  but  Brodie  has  ptv>ved  that 

it  is  a  volatile  acid,  and  easily  combines  «'ith  bases.  Its  propoitiM 

in  wax  is  about  one-lifth  of  the  whole. 

Chinese  wax  contains  cerotio  acid,  ooni1)ined  with  oxide  of 
ceryle,  yielding  Cerotint,  a  body  homologous  with  fbnoiat*  of 
nethyle,  and  others  of  that  series.     Thus : 


Formist*  of  Oxide  of  Iklethyls  . 
Afftate  of  Oxide  of  Kthylc 
Valerate  of  Oxide  of  Aui^'lc 
CetyUte  of  Oxide  of  Cetj  l« 
Oerotate  of  Oxide  of  Cet7le 


Ct  H.  0,  C.  H  0.=  Ci  Bt  Ot 
C.  H>  0,  C.  Ut  0>  =  Ct  Ht  a> 
C,a  Hii  U,  Ciu  Ht  Oi=  ('«.  Ua>  Ot 
Cm  Hit  0,  Cu  U>i  Ot  =  C«.  Hm  0* 
C.  Uu  0,  C>.  Ut.  Ot=Ci»  UioOt 


Wlien  heated  with  potash,  oerotine  yields  c«rotat«  of  potMJl, 
and  the  hydrated  oxide  of  ceryle,  Cm  H»»  0,  H  0=  C>«  IIm  Os. 
ITiis  is  the  cerio  alcohol.  It  is  a  waxy  crystallisable  solid,  melting 
at  207°.  With  sulphorio  acid  it  forms  a  solid  like  wax,  whioL  it 
the  sulphate  of  oerj-le.  The  onhydroiiv  oxide,  or  c«rie  ether, 
is  not  known  in  a  separate  form,  but  the  ctirbo-hydiogen  of  liie 
L^lefiant  gas  series,  or  cerene  =  Cm  Dm  ,  has  been  obtained 
l«*  •  solid,  irox-like  body,  aa  also  a  compound  of  sulphuric  ( 
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fccPoUne,  Cm  Hae  0,  H  0,  S  0».    The  ftliiebyde  of  oerotio 
ujikiiown,  but  Brodie  Los  obtained  a  substitution-product 
from  it.     The  aldehyde,  or  oerotol,  would  be  Cm  Il^t  0> , 

(  Cli» 


alio 


cUorioe  oompound,    ohlottx)erotal,  is  Cm   >.  ^,       Oa. 

n   ' 

Theae  arc  probably  mixtures.  Cerotate 
0,  Cm  H»  0»  =  Cm 


Hm  0. 


tCU.*'-**  ICUi 
of  oxide  of  elhyle,  C*  Qs 
ble  wilid. 
Om.  MrUttic  Ariil,  Coo  Us*  0» ,  H  0  =  Coo  Hoc  0* .  When  wax 
od  with  alcohol,  a  poition  remains  insoluble.  This  was 
•ly  callfd  myriciue.  It  melts  at  147°.  It  is  eo^ly  sapo- 
Sed,  and  yields  an  acid,  and  the  hydrate  of  the  oxide  with 
hich  the  add  was  combined.  These  are  seporated  by  crystal- 
ition  from  alcohol.  The  acid  is  palmitic  acid,  which,  oom- 
otA  with  oxide  of  myricyle,  constitutes  the  chief  part  of 
yricinc.  But  when  the  hydrated  oxide  of  myrioyle  Cou  11  «i ,  or 
ir  alcohol  is  heated  with  lime  and  potash,  it  yields  hydrogen 
d  meiissate  of  the  base.  The  acid,  which  is  mclissio  acid, 
•V  0* ,  H  0  =  C-oo  Qoo  0< ,  when  separated,  is  a  crystalline 
waxy  substance,  mcltins  at  192^. 

Jtfdrattd  Oxide  (if  iltjriciiU.  Syjt.  MeliMtne.  ifeliuie  AlcoM, 
Gn  Ii«  Oi  =  Coo  li'oi  0,  H  b.  The  oxide  of  the  positive  radical 
C«pU«i,  is  found  in  myricine,  which  forms  about  four-lifthi  of 
b««*-wax,  combined  with  jmlmitic  acid.  Separated  us  aboTe,  the 
idr  forms  the  hydrate,  which  is  n  waxy  body,  melting  at  IW^. 
u  a  true  alcohol,  and  like  common  alcohol,  it  yields  a  oarbo- 
cn,  homologous  with  oleliant  gas.  This  is  called  meUnt, 
formula  is  Coo  H,^,.  This  body  and  oerene.  Cm  Hmi 
luTc  the  properties  of  |ianilBne,  and  it  is  probable  that  several 
oiiiMi,  homologous  with  these,  have  be<n  included  under  Uiat 
The  anhydrous  oiudc  of  tbe  negative  radical  melissyle,  Cw 
Hak,  i*  not  known,  nor  the  hydnito  of  the  oxidu  of  the  negative 
nuUcal  ('«o  Hh,  the  nx'tiBsic  aldehyde.  But  Brodie  obtained  a 
tuLiun-product,  belonging  to  the  latter,  namely,  ohiurjuiolal, 

It  will  bo  seen  that  e?en  bare,  at  the  very  highest  known  port  of 
«i<>nvs,  tbeonalogy  of  homologous  compounds  prcvnils.  Wehava 
and  myrioic  alcohols,  analogous  to  mcthylic  and  ethylio 
»hil6  amylio  alcohol  lies  nearer  to  the  luttcr,  and  cetylio 
I  Um  between  it  and  the  highest  ones.  And  for  every  one  of 
known  alcohols,  we  have  the  acid,  while  we  can  trace  the 
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analogy  also  in  the  iierica  of  the  ethers,  the  aldehydes  and  t)>e 
basee,  as  well  as  the  c4u-bo-hydrogeDs  and  other  derivative*.  In 
the  acids  alone,  however,  aa  we  have  seen,  is  the  seri'M  at  alt 
complete,  but  the  fact  of  the  analogy  oontiiioiag  in  the  aoida, 
alcohols,  &e.,  so  high  as  we  have  aeeu  it,  is  suifioient  to  oonTino* 
OS  that  all  the  intermediate  oompounds,  in  the  large  table,  art 
attainable.     In  fact,  new  onea  are  every  doy  discovered. 

We  have  atUl,  however,  two  very  remarkable  series  to  mention^ 
which  have  only  been  recognised  within  a  short  period.  TlkM* 
are,  the  oxalic  acid  scries  of  bibasio  acids,  and  the  oteio  add 
series  of  monobasic  oily  acids,  neither  of  which  are  volotil*  witiioat 
alteration. 


BKRTES  OF  OULIC  i.CTD, 


The  general  formula  of  this  series  is  Co  Hn  —  «  Oa ,  2  II  O, 
the  acids  of  it  are  bibasio.  It  was  stated,  under  oxalic  acid,  that 
it  was  probably,  from  its  tendency  to  form  aoid  aalta  and 
double  salts,  a  bibasio  acid.  This  is  now  ascertained,  aad  tiM 
fbrmula  of  oxalic  acid  is  consequently  Ct  Os,  2  II  0  ^ 
CtHiOs.  As  there  are  4  cqs.  of  carbon,  of  course  the  anhydrnnia 
acid  oannot  here  contain  hydrogen,  but  the  next  member  of  the 
series  will  be  Ci  H>  0< ,  2  H  0  =  C«  II<  Oa ,  Tliis  one,  however, 
has  not  yet  been  obtained.  The  acids  of  this  series  nn  crygUl' 
Usable,  soluble  in  water,  and  have  an  aoid  taste.  They  or* 
dooompoaed  by  heat,  and  generally  yield  among  the  prodaots, 
carbonie  acid,  and  a  volatile  aoid  uf  thv  formylic  series. 

This  is  exactly  what  their  general  formula  might  lead  oa  to 

expect ;  for  it  will  be  seen,  that  the  hydrated  acids  uf  tilil  aeiiaa 

contain  the  elements  of  a  volatile  acid  with  2  eqs.  of  oariwoio 

acid.   Thus  oxalic  acid,  C*  lit  Oa ,  contuins  the  elements  of  Conaio 

acid,  C«  Hi  Ot,  and  C<  0«,  that  it,    2   eqs.   of  carbonic   acid, 

2  (COi).     Now   oxalic  acid,   when   heated,  j'ields  formie  and 

carbonic  acids.     Oxalic  aoid  having  been  already  described,  m 

have  here  only  briefly  to  notice  the  other  known  acida  of  thia 

aeries. 

We  mnst  first,  however,  mention,  that  another  (act  shows  the 

I  olose  relation  between  these  non-volatile  bibasio  aoid*  aad  Um 

volatile  monobasic  acids  of  the  formylic  series.     We  hav«  BMO- 

tioned  that  many  of  the  latter  are  formed  when  nitric  aoid  aota  eo 

oils  or  on  any  of  these  oily  volatile  acids,  or  on  oleic  acid.     Now, 

I  along  with  the  volatile  acids  thus  formed,  among  which  are  aeetic, 

Ipropylio,  butyric,  valerianic,   cnproie,   mnanthylic,   caprjlic  and 

[|ielargonic  acids,  there  are  formed  several   acids  of  tlie  oxalic 

(,  whioh  remain  in  the  liquid  after  the  volatile  aeida  tiara 


i 

and   ^ 
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diftilled  off.  Among  these  ore  oxalic,  raooinic,  snlierie, 
4C,  adipio  and  pimelic  acida.  Thoy  would  seem  to  be  formed  by 
lie  union  of  unscent  carbonic  acid  with  the  nascent  volatile  acidt. 
tic  Acid,  C,  H.  0.,  2  H  0  =  Ct  H,  0,  =  S  2  H  0. 
id  exists  ready  formed  in  amber,  and  may  bo  obtained  by 
t  body.  But  the  mother  liquor  of  the  suberic  acid, 
margario  acid,  dc,  by  nitric  acid,  contains  a  large 
'^f  (mcoinic  acid,  along  with  a  little  suberic  acid.  The 
Buxtnre,  being  dried  up,  is  acted  on  by  ether,  which  dissolves  the 
cttberie  acid,  leaving  the  siieoinio  acid ;  it  is  tin  ally  purified  by 
•ablimation.  Succinic  acid  is  also  formed  from  malic  acid  by 
fiBrmeotation,  as  will  be  hereafter  explained. 

It  forms  regular  crj'stals,  which  may  be  easUy  sublimed,  bnt 

sot  irithout  some  ehange,  for  it  loses  water.     The  formula  of  the 

ablimed  crystals  is  (Cs  H*  Oo )  +  H  0  ;  but  by  repeated  subli- 

nation  it  may  be  obtained  anhydrous.  The  first  hydrate  H,  2  H  0, 

eJts  at  3.16°,  and  boils  at  405°,   subliming,  however,  slowly  at 

The  sublimed  hydrate,  2  Su  -(-  H  0,  melts  at  320%  and 

>  at  4G&' ;  and  the  anhydrous  acid  melts  at  2ST,  and  boils 

482% 

'  the  action  of  anhydrous  sulphuric  acid,  it  yields  a  new  aoid, 

BtJy  r»  Hi  P«Oio,  4  H  0,  byposulphosuocinio  aoid. 

I  constitution  of  the  succinates  is  bibasic.     The  most  recent 

nwarehes  of  Fchling,  who  has  twice  examined  these  salts  with 

arc,  lead  to  the  general  formulm  of  C*  II«  Oe ,  2  M  0,  for  the 

and  C»  If.  Oe,  U  0,   M   0  for  the  acid  salts.      Tho 

»atc»  of  Uaii  present  some   anomalies.      The   luecinate  of 

^k,  O  H<  On,  2  Mt  O,  is  a  volatile  crystalline  solid.     Stie- 

■  of  ethi/tc^  Cs  U«  0« ,  2  Ae  O,  is  on  oily  liquid,  boiling  at 

F.     When  this  compound  is  acted  on  by  ammonia,  it  yields 

amitle,  Ca  H>  0*,  2  N  Hi,  which  is  succinate  of  ammonia, 

:  eq.  of  water.     It  ii«  a  crystalline  solid,  having  the  usual 

4i!«  of  an   amide.     There  exists   also   an  avid  amide,  or 

'lie    acid,  Cs  Us  Os,  N   H»,  which  is  acid    succinate  of 

mi'niM  2   cq.  of  water.     And  there  is  a  third  amide, 

dc,  C't  Ha  N  0« ,  which  is  aoid  succinate  of  ammonia,  minut 

of  water.     Sucoinamio  acid  is  only  known  in  combination 

,  oxide  of  silver.     Suocinimide  is  formed  when  ammonia  acts 

bydrous  suocinic  acid.     It  forms  beautiful  rhombic  tabular 

J»,  very  soluble  in  water.     With   aniline  (phenylamine) 

Docinic   aoid    yields    onilides    analogous    to    the    amides   just 

eotioncd. 

Suc<nnto  acid  and  its  ethers  and  amides,  yield  snbstitution-pro- 
ohlorino,  which  our  limits  prevent  us  &om  more  fully 
btng. 


mSBL 
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The  origin  of  ambgr  ia  verj  uncertain  ;  but  it  ii  mnst  probably 
derived  from  some  reain,  formerly  liquid  or  soft.  It  may  pomibly 
have  arisen  from  the  slow  oxidation  of  a  fatty  matter,  a*  we  m* 
saocinio  acid  formed  from  fats  by  oxidation.  Amber  is  •  dtai 
brittle  yellow  solid,  becoming  electric  by  friction.  It  is  for  tbt 
most  part  insoluble  in  all  menstrua.  When  heated,  it  yialdft 
succinic  acid  and  a  volatile  oil,  and  there  is  left  a  largo  p«t>por1iM 
of  a  matter  which  may  be  called  bitmaiaouB,  and  forms  the  |»ia> 
oipal  jiart  of  the  amber. 

Lifiic  Acid,  CioH.  Ofl,  2  n  OrrCoIIiiO..  This  aeld  u 
homologous  with  oxalic  and  succinic  acids.  It  i*  found  MDOB^ 
the  products  of  the  oxidation  of  oils  or  oily  acids  by  nitri«  aeid 
along  with  other  acids  both  of  the  oxalic  and  formic  aenoi.  It 
is  crystalline,  soluble  in  water.  Lipio  acid  has  not  been  muah 
studied. 

Adipic  Acid,  Ci.  n»  0«,  2  n  0  =  Ci«  Hio  0».  This  aeid  it 
found  with  the  preceding  ones  among  tlie  products  of  the  aotioa 
of  uitrio  acid  on  oils  and  oily  acids.  It  is  also  erystalline,  and 
sdluble  in  water,  but  has  not  been  minutely  examined.  AdifaXt 
of  ethylc  bos  a  strong  fragrance  of  rennet  apples. 

Pimelic  Acid,  Cu  Hio  0«,  2  H  0  =  C»«  H«  0».     Found  with 
the  preceding  acids.     It  appears  iu  the  form  of  minute  crritalliaa  j 
grains.     It  melta  at  about  237°  F.,  and  volatiliaes  at  a  higher  ' 
temperature.     It  is  very  soluble  in  hot  wator.      When  hMt«d 
with  potosli,  hydrogen  is  given  off,  and  the  residue,  actvd  en  by  , 
Gulphurio  acid,  yields  a  volatile  acid,  apparently  valerianic  acid, 
or  a  mixture  of  it  with  others  of  the  same  series. 

SuTjcric  Acid,  Ci.  H.i  Oe,  2  H  0  =  Ci«  H>.  0.  =  Sn,  a  HO,^ 
Tliis  acid  is  formed  when  cork  is  oxidised  by  nitrio  mU,  bail 
especially  when  nitrio  acid  aots  on  stearic  acid,  margario  aoid,  oUm 
acid,  and  other  fatty  bodies.     Tho  acid  solution,    obtain^d  hfi 
boilini^  stearic  or  margurio  acid  with  nitric  acid  till  it  is  entirelyl 
dissolved,   is  evaporated  to   one   half,   and  on  cooling  drpoiit* 
a  larfre  quantity  of  suberic  acid,   which  is  easily   purified  hf 
crystallisation. 

It  forms  small  granular  crystals,  fusible,  when  moist,  at  IMTJ 
when  dried,  at  248°,  volatile  at  a  higher  temperature,  aud 
liming  in  the  form  of  long  needles.     It  is  sparingly  soluble  in  < 
water,  very  soluble  in  hot  water,  in  aloohol,_and  ether. 

The  general  formula  of  the  suberatea  is  Su,  3  M  O,     Tb«  I 
rate  of  uxidt  of  ethi/lc  is  prepared  like  the  ethers  of  all  the  I 
acid«,  by  passing  hydrochloric   acid   gas  through  the 
solution  of  the  acid.     When  sulwrate  of  lime  is  distilled,  it  yield*, 
among  other  oily  products,  a  liquid  boiling  at  Z6S\  the  formuUof  ' 
which  ia  Cia  Ili>  0>,  or  Cu  Uii  Ot.     It  ia  converted  into  nherie 
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id  bj  the  action  of  the  air  and  of  nitric  acid.     Tho  naton  of 

I  fx>mpotU)d  ia  not  yet  aaoertained. 
Suberic  acid  girca  rite  to  $ubermnide,  Cia  Hi*  O* ,  2  N  Hi  := 
Ni  0« ,  formed  when  ammonia  acts  on  snberate  of  ethjle 
raniUdt,  on  ana]o((mia  oomijound,  formed  by  the  action  of 
'  I  mine)  on  auberio  ether;  and  tuhtranilic  acid,  an 
<  ined  along  with  the  preceding  compound.  The 
M  acid  is  not  yet  known. 
SkAaeie  Add,  C»' Hi«  Oa,  2  H  0  =  Cw  Hu  Ot.  This, 
tbe  ant  known  acid  of  the  oxalic  series,  and  as  yet  the  highest 
ia  th*  aenea,  is  formed  in  the  distillation  of  oleic  acid  and 
«f  all  tUt  containing  that  acid.  It  is  soluble  in  hot  water,  sparingly 
■plnhl*  is  cold  water,  and  therefore  when  the  products  of  the 
distilUtion  ore  boiled  with  \t-ater,  the  filtered  liquid  deposits,  on 
eooling,  nearly  the  whole  of  the  sebauic  acid,  in  light  feathery 
BMMM  of  erystAls  somewhat  resembling  sublimed  benzoic  acid. 
Hie  pCMMloe  of  this  acid  among  the  products  of  distillation  of  oils 
is  a  sore  proof  and  a  delicate  test  of  the  presence  of  oleine  or  of 
oleic  acid  in  the  oil  distilled. 

A  mure  jiDdtictire  process  is  to  heat  ricinolic  acid  (see  castor  oil) 
with  half  its  weight  of  caustic  potash,  or  castor  oil  may  be  at  once 
tnated  in  the  uime  maimer.  Hydrated  oxide  of  ootyle,  or  oaprylio 
>laohol,  distils  over,  and  sebate  of  potash  is  left. 

8cb«te  of  potash.  Caprylie  utd. 

Hm  0<  -t-  3  (R  0,  H  0)  =  C»  Hit  O.,  3  K  0  ■)-  Ci.  Hi.  0>  +  Ht. 


71m  Mbatc,  decomposed  by  snlphorio  acid,  yields  the  acid  in 

nco. 

Sebaoio  acid  melts  at  81°,  and  is  volatilised  at  a  higher  tempera- 
tun.  lU  raiMur  irritates  strongly  the  respiratory  organs.  When 
ftlMd  with  [Mtosh,  tho  residue  yields,  by  the  action  of  sulphuric 
M)d«  a  volatile  oily  acid,  or  a  mixture  of  such  acids.  Xitric  acid 
■eta  on  it  slowly,  and  converts  it  into  succinic  acid  according  to 
J*  allege  that  it  yields  pyrotartaric  acid,  CioHsOs. 
Il  Wil  cd  that  pyrotartaric  acid  bos  the  same  formula  aa 

lU,  uiid  05  it  is  also  bibasio,  it  may  really  bo  identical  with 
id,  ot  they  may  only  be  isomeric.     But  it  is  easy  to  see  how 
acid   should  form  both  lipic,  or  pyrotartaric  and  sucoinio 
_        i  from  sebacic  acid,  just  as  it  forms  from  margaric  or  caprio 
add,  volatile  acids  of  the  aome  series,  lower  in  the  scale,  by 
rt  of  the  carbon. 

are  cither  oeatral  Cw  IIm  0<  ,  2  U  0,  or  acid, 
MO. 
vbatu  of  ethylo,  or  lebocio  etbor,  Cso  Hi*  0« ,  2  Ao  0,  is  a 
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Tolntile  ether,  \rhioh  has  a  gtrong  and  pleasant  fmgrasce  of 
pine  apple. 

When  scbacio  ether  is  noted  on  by  ammonia,  it  yield*  tehamttU 
Cm  II«o  NiO. ,  which  is  neutral  sebate  of  ammonia,  mmut  4  cq.  of 
water :  and  sebnmio  acid,  do  Hid  N  Oi  ,  which  is  acid  achate  of 
ammonia  minim  2  eq.  of  water.  These  compounds  have  the 
reactions  of  amides. 

We  have  now  mentioned  all  the  known  acids  of  the  oxalic 
series,  and  it  wiU  be  seen  by  the  following  table,  that  they 
correspond  each  to  a  volatile  acid  of  the  formylio  series,  "^♦^injpg 
2  eq.  of  carbon  less. 

Thus  we  see  that  if  we  add  to  the  acids  of  the  formylic  seriaa 
2  eq.  of  carbonic  acid,  we  have  the  formula  of  the  acids  of  tlw 
oxalic  series. 


I 


MoDobwIc  VoUtils  Aold*. 


Formic  Acid 
Acetic  Acid 
Propylic  Acid 

Botyrio  Add 

VaUrinuic  Acid 
Csproic  Acid 
CEoanthylic  Acid 
Cftpiylic  Acid 
F«lai:g«ua  Acid 


Ho 


0. +  2C0t  =  C. 
0.  +  S  COi  =  C. 
0<  +  2  COi=Cii 


H, 

H. 

He 


C.  H.  0.  +  2  CO.  =  C.oHi  0. 

Co  Hiu  0.  +  2  C  0.  =  Ci.  H.0  0. 
Cii  Hit  0.  -t-  2  C  Ot  =  Ci«  Hii  Oi 
C.  Hi.  0.  +  2  C  0>  =  0i.  Hi.  0. 
Ci.  Hid  0.  +  2  C  0.=  Ci.  Hid  0. 
Cii  Hi>  0.  -f  2  C  Oi  =  C»  His  0> 


BftadeAcUs, 
Oxalic  Acid 

Dnknovo 
Saoeinic  AeU 
Lipic  Acid  1 

Pyrotarlario  Add  / 
Adipic  Add 
Fimelic  Acid 
Suberic  Actd 
nakiin«-o 
Seliaeio  Aeid. 


It  cannot  bo  doubted  that  the  bibasic  acids,  oorreapondutf; 
acetic  and  ccnonthylic  acids,  as  well  as  others  higher  in  th« 
will  in  time  be  discovered.  We  have  already  pointed  out  that 
pyrotartaric  acid  is  either  isomeric  or  identical  with  lipic  acid,  and 
an  acid  produced  by  the  action  of  nitric  aoid  on  rhodeoretio  mU 
(a  body  formed  by  the  action  of  bases  on  the  resin  of  jalap),  whidi 
has  boea  colled  ipomio  aoid,  is  isomeric  at  least,  and  probably 
ideotirol,  with  sebacic  acid.  Oxalic  acid,  as  is  well  known,  occors 
freqaently  in  nature. 

OLEIC    ACIB  SCniES. 

OeocralfonanUCaHa— lO.,  orO*Bs— sO*.  BO. 

Of  this  scries  a  few  acids  arc  known.     They  all  contain  2  «]a. 
oarbon  more  than  the  corresponding  acid  of  the  formylic  Bcries. 

jteri/lic  Acid,  C,  H,  0, .  H  O  =  C,  R,  0. .  This  acid  in  formed 
by  the  oxidation  of  acroleinc  (See  nnder  glycerine),  by  moans  of 
oxide  of  silver.     Acrylic  acid  is  a  limpid  liquid,  of  a  ptingent  bat 
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Icid  odour,  not  unlike  that  of  aoetic  aoid.  It  is  miscible 

ill  all  proportiona,  and  boila  at  a  tem])eratare  above 

*S1S*.  Its  uUta  are  monubasic,  aad  resemble  tliu  acetates  and 
;  {ormiutes.  The  acrylate  of  silver  detonates  when  heated.  Aorj'lio 
is  easily  oxidised  and  decomposed.  Acrylic  ether  is  not 
Juown  in  a  state  of  parity,  but  appears  to  have  the  odour  and 
tMte  of  radish. 

Aitfelie  Aad,  Cio  H?  Oi ,  HO,  is  found  in  the  root  of  angelica 
(•ad  of  other  umbeUifene.  It  is  (.'xtraoted  by  water,  then  oom- 
^luned  with  potash,  evaporated  to  expel  volatile  oils,  and  the  residue 
distilled  irith  sulphurio  aoid  and  water.  At  first,  uoetie  and 
valerianic  acids  pass  over,  then  angelic  acid,  which  condenses  in 
the  neck  of  the  retort.  Water  is  Eidded  to  the  residue,  and  the 
distiUatioa  continued  as  long  as  any  angelic  aoid  passes  over  with 
the  water. 

The  acid  may  alao  be  obtained  by  the  action  of  caustic  potash 
oo  oil  of  camomile,  taking  care  to  avoid  too  strong  a  heat,  as  the 
•Otd  is  it«elf  decomposed  by  potash. 

It  formi>  tiae  crystals,  fusible  at  113*  F.,  boiling  at  Z'i". 
Heated  with  potash,  it  yields  acetate  and  propylate  of  potash, 
aod  hydrogen  gas. 

Moriikgic  Acid,  Cjo  !!«  0»,   H  0  =  C«.  Ht»  0«.      This  aoid 

oeoiu*,  along  with  beaic,  behenic,  and  morgario  acids,  in  the  oil 

of  hen,  which  is  that  of  the  fruit  of  Moringa  nux  hehen,  or  M. 

I  uUiftra.     It  is  a  licjuid,  and  slightly  acid,  very  soluble  in  alcohol. 

I  At  32'  it  solidifies.     It  is  hut  little  known. 

Oitie  A  cid,  Cm  Hm  Oa ,  H  0  =  Cas  Um  0«  .  This  is  the  most  im- 
portaat  and  abundant  aoid  of  the  series  named  from  it.  It  occurs 
in  almost  all  the  animal  and  vegetable  oils  which  are  not  drying 
oils,  in  the  form  of  oleine,  (a  compound  of  the  acid  with  glycerine) 
as  their  chief  constituent,  and  in  almost  all  similar  vegetable  fata 
Jill  smaller  proportion. 

It  is  best  obtained  pore  from  almond  oil,  which  is  saponified 

I  by  putosh,  the  soap  deoomposed  by  an  acid,  and  the  mixed  acids 

thus  obtained  are  digested  with  half  their  weight  of  oxide  of  lead, 

with  which  Uiey  all  combine.    Ether  now  dissolves  the  acid  oleate 

of  lead,  leaving  the  margorate  or  stearate  of  lead  uudiasolved. 

I  Uydiuvhluno  acid  is  added  to  the  clear  solution,  and  the  oleic 

acid  dixsulvei'  in  the  ether,  while  chloride  of  lead  is  dei>o«ited. 

I  The  othrr  being  distilled  off',  the  aoid  is  left,  but  is  still  coloured. 

I  By  ex{>oeure  to  cold,  the  pure  acid  crystallises,  and  is  expretsed 

I  tn  tht*  oulil.     Or  Ihn  coloured  acid  is  converted  into  oleate  of 

hu) '  is  purified  by  means  of  alcohol,  and  the  pure  salt 

dot>  .  au  aoid. 

Tutu  oluiv  acid  is  liquid  above  67'  F.,  colourless,  congealing  in 
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cold  weather.  When  melted,  it  doe«  not  solidify  till  eoolcd  to  40*  j 
when  Bolid,  it  does  not  melt  till  wanned  to  57'.  It  nuiidly  abaoriM  ' 
oxygen  from  the  air  and  beoomea  brown. 

It  i«  decomposed  by  heat,  which  is  the  oasv  with  ull  the 
of  this  series  at  all  high  in  the  scale.  Among  tlio  prtnlucts  aM 
aMtio,  caprylio,  and  capriu  acids,  probably  others  of  that  MliM, 
but  chiefly  sebacio  acid,  the  presence  of  which  in  the  matter 
obtained  by  distilling  any  oil,  is  a  sure  test  of  the  proMilM  of 
oleine  in  that  oil. 

By  contact  with  nitrous  acid  oleic  acid  ia  converted  into  »imUie 
acid,  which  is  isomeric  with  it. 

When  fuaed  with  caustic   potash,   oleic  acid   U  rcsotred  into 
aoetio  and  palmitic  acids  and  hydrogen  gas, 

OMe  Add.  Palmltatc  of  Potuh.    AoolmU  nf  Fotuh. 

Cm  Qm  0. -I- 2  (K  0,  HO)  =  C>sH«0>,  K0-(-0.H>O«,  KO-fBa. 


Oleic  acid,  mixed  with  a  good  deal  of  maigoftc  or  stMrio  i 
is  produced  in  large  quantity  in  the  manaiaoture  of  stMcIo  Mii 
for  candles.     This  impure  oleic  acid  is  the  liquid  part  PXprtMod 
from  the  moss  of  oily  acids  which  is  formed  when  toJlow  suet  or  . 
lord  is  saponified  by  lime  and  the  soap  deoompusvd  by  sulphuria  J 
acid.     It  may  be  purilied  as  above  directed  ;  hut  in  ita  iiapun  < 
state  it  is  much  used  in  making  soaps. 

When  boiled  with  nitric  acid,  oleic  acid  yields  many  ocida  teth 
of  the  formylio  and  oleic  series,  all  of  course  lower  in  the  soaU 
than  itself.  Succinic  and  suberic  acids  ore  espeoioUy  abttmlont 
in  this  process. 

The  oleates  have  the  characters  of  soaps  or  plost^'r*,  ooooidiag 
as  they  are  soluble  or  insoluble  in  water.  Oleate  of  potash  ia  a  oeft 
ooap,  and  is  the  chief  ingredient  of  Naples  soap.  Olcote  of  kAm, 
like  soda  soaps  in  gonerol,  is  hard.  Olcatc  of  lead  is  aa  exoeUaitt 
plaster,  being  very  fusible  and  adhesive.  Oluute  of  ethyla  ia 
an  oily  liquid. 

Sulphuric  acid,  when  it  acts  on  oils,  forms  an  acid,  salphoWa 
acid,  along  witli  a  gul]ihomargario  acid.  These  acids  ore  not  fteUy 
known.  The  former  is  said,  by  contact  with  water,  to  yiold 
metoleio  acid,  and  when  boiled,  to  form  another  aoid,  caUud 
hydnileic  acid.  The  oompoaition  of  these  aoid*  is  not  aioa^ 
toined. 

Elaidic  Acid.  This  acid,  as  already  stated,  is  isomeric  with 
oleic  arid,  and  ia  formed  from  it  by  contact  with  nitrana  or 
Ayponitrous  acid.  It  is  solid,  fusible  at  113'  V.  For  tUs 
reaaoo,  ulidc  acid  is  solidified  by  contact  with  nitrous  aeid  ;  aal 
oleiae,  or  oils  oontaining  oleine,  ore  also  rapidly  soUdifiod  by 
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I  nitrooa  acid,  or  with  a  solution  of  nitrate  of  mercury, 
nitrons    acid.      Elaidio    acid    may    be    dislilled 

Oleiae,  th«  liquid  principle  of  most  natural  oils  and  fats,  and 
elaidinr,  into  which  it  b  converted  by  nitrous  acid,  are  compounds 
jfif  the  acids  with  glycerine. 

Oltie  AM  of  drying  oil*.     Linoleic  Acid.     This  acid,  which 
ours,  combined  with  glycerine,  in  linseed  oil,  walnut  oil,  and 
l)Q  othrr  drying  oils,  is  ditlerent  from  oleic  aoid,  though  resem- 
bling it  in  external  properties.    It  has  been  said  to  be  Cm  il>»  Os, 
but  this  is  highly  doubtful. 

The  acid  itself,  and  it«  glyoeride  or  linoleine,  attract  oxygen 
from  the  air,  and  dry  up  into  a  resinous  mass.  Honoo  their  use 
in  painting. 

DanjUnie  Acid,  Cm  Hm  0«=Cm  Hu  Oa,  H  0,  is  formed  in  the 

oil  of  Bitltena   roslrata,   where   it  is  combined,   according    to 

Boh&rling,  not  with  glycerine,  but  with  the  oxide  of  the  radical 

LCm  IIi>,  which  may  be  called  dodeoatyle,  homologous  with  ethylc. 

fVThen  this  oil  is  saponitied,  there  are  obtained  the  acid,  which  is 

at  112*,  congealing  seyeral  degrees  above  32° ;  and  the 

I  iixide  of  dodeoatyle,  or  dodecutylic  alcohol,  Cu  Hu  0, 

II  u  =  Cm  Ux  0>  . 
^rucic  Acid,  or  liratiie  Acid,  Cm  H«i  Oi=  C«  H»i  Os,  H  0. 

I  Bcid  is  found  in  the  fat  oil  of  mustard,  obtained  by  expressing 

also  in  the  oil  of  colza,  which  is  obtained  from  the 

I  of  another  cruciferous  plaot,  Brnsnica  cnntpettrit  olei/era. 

It  U  solid,  melts  about  90'  F.,  and  crystallises  in  needles  from  its 

bloohotic  solution.     The  oil  contains  another  acid,  which  is  liquid 

,At  thu  ordinary  temperature,  but  is  different  from   oleic  acid ; 

Dost  probably  an  acid  of  the  oleio  scries.     It  is  very  probable 

^MuX  tbMM  acids,  or  others  homologous  with  them,  may  be  found 

ia  tlw  M«ds  of  other  cruciferw. 

Let  ns  briefly  recapitulate  the  different  classes  of  compounds 

tz«at«d  of  in  this  section,  and  represented  in  the  table.      This 

ivill  best  be  done  in  a  tabular  form,  and  the  reader  will  bear  in 

[tind  that  Uie  vertical  list  here  given  corresponds  to  the  hori- 

'  lontol  line  of  the  table  of  bomnlugoixs  oom|>ounds,  which  is  only 

•   selection  from  it,  and  that  each   number  here  given  is  the 

»t«rtiiig-poiut  of  a  series  of  h<imologous  compounds,  the  formuho 

of  which  arc  obtoiuod  by  dmply  adding  0%  U.»  successively  to  the 

ioraala)  of  the  metbyle  compounds,  here  taken  as  the  lowest  in 

tb«  wirics. 

Now,  when  it  is  eonsidored  that  all  the  above  compounds, 
$n  known  in  tbn  msthyle  and  Ibrmylc  siTiea,  and  all  in  that  of 
ItbjU  and  ncvtjlv ;   that  each  of  thcso  30  ootnjiounds  is   tlio 
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Bint  of  a  homologous  series,  like  that  of  the  fatty  and 

No.  29,  which  have  been  described ;  and  that  several 

Be  fittmberB,  namely,  Nos.  12,  14,  16,  16,  17,  18,  19,  20,  21, 

I  a,  Aud  3a  beiog  bases,  combine  with  all  acids,  and  that  each  salt 

i  tiiuA  fortaed  is  also  the  starting-point  of  a  similar  series ;  that 

l^e  bodies  under  Kos.  13  (uf  which  there  are  several,  such  as 

OTiuic,  tortrovimc,  phosphovinic,  and  carbovinio  acids,  not 

oned  in  the  table)  and  29,  being  acid,  combine  with  all 

Imms,  and  that  each  salt  thus  formed  is  the  starting-point  of  a 

new  homologous  series ;  that  the  radicals  and  bases,  from  No.  14 

to  Ko.  22,  all  admit  of  substitntion  of  one  radical  for.  another, 

yielding  new  bases,  and  consequently  new  salts  ad  iitfiniium  ; 

[utd  hnallj,  that  probably  every  compound  in  the  table  admits  of 

the  mbstitution  of  chlorine,  bromine,  iodine,  and  nitrous  acid  for 

part  of  it£  hydrogen,  thus  yielding  other  inexhaustible  series  of 

new  oom[iuands,  it  will  be  seen,  that  even  this  formidable  list, 

and  the  large  table,  are  nothing  more  than  short  extracts  from  the 

tmI  list  of  possible  and  probable  compounds,  producible  by  art, 

betides  the  infinite  variety  of  nature.     And  yet,  bearing  in  mind 

Lthc  laws  of  homologous  oom^iounds,   and  of  substitutions,  the 

I  whole  of  this  immense  mass  of  formula)  become  easily  iuteUigible, 

insomuch  that  with  a  knowledge  of  one  such  series  as  has  jusrt 

bc«ii  iHirliatly  exemplified,  any  one  may  construct  for  himself  a 

|t«lilu  including  all,  which,  however,  if  printed  at  full  length,  even 

]  in  tlic  abbrenated  shape  of  formulte,  would  fill  a  volume.     And 

iall  this  refers  only  to  the  compounds  connected  with,  or  derived 

I  from,  one  series  of  radicals,  that  of  methyle  and  ethyle.     Nature, 

I  however,  uses  not  only  these,  but  many  others,  as  yet  less  known 

I  to  us,  to  produce  her  organised  products.     We  trust  that  the  study 

lof  this  section  will  enable  the  student  to  grasp  tho  principle,  and 

I  to  see  his  way  through  tho  seeming  chaos  of  organic  cliumistry. 

Of  those  radicals  which  do  not  belong  to  the  series  of  etliyle 

land  owthyle  (the  best  known),  those  most  interesting  are  phenyle, 

?itll>,  and  its  homologuea,  as  given  in  the  table,  p.  141,  with 

Dm*  of  their  derivatives.     As  these  may  all  be  derived  from  the 

of  tar,  we  shall  describe  them  and  their  derivatives  under 

'  that  head.     We  shall   then   see  that  these  radicals  agree  with 

those  of  tlie  methyle  series  in  replacing  hydrogen  in  ammonia, 

■ad  in  giving  rise  to  a  large  number  of  bases  and  other  interesting 

produotk. 

Ilofor*  (juitting  the  subject  of  the  radicals  of  the  metliylo  and 
<>thTlc  *<'nrs,  ('a  II>  -|-  i,  and  their  derivatives,  it  mu^t  bo  men- 
it  dilTcrent  views  hare  been  taken  of  these  compounds, 
..ut  hero  adopted.     Some  consider  alcohol  and  ether  to 
bv  oMupwiudB  of  C*  H« ,  or  ethylene,  with  water :  but  this  viow 
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is  now  generollr  abandoned.  But  the  views  token  b_r  Kolbo, 
and  those  of  Williamson,  must  be  noticed.  Kolbc  aiimits  IIm 
existence  of  the  methjle  soric-s  of  radicals,  bat  not  that  of 
derived  acid  radicals  of  the  formyle  scries,  Co  Ha  —  i.  Ai 
ing  to  him  the  acids  of  the  formic  scries  are  coupU-d  oxalie 
acids,  the  copula  being  in  each  case  a  radical  of  the  mothric 
\  Beriea.  The  following  table  exhibits  together  the  view  alnadjr 
'  adopted  iu  this  work,  and  that  of  Kolbe,  for  the  six  first  acuity 
the  aeries,  (C»  IIa)sO«: — 

Kolbo. 

Formic  Add  0>  H,  0>,  H0=  H,  CiOi.  HO  =  C»  Hj  0. 
AoeUo  do.  C.  Hi.O.,  HO  =  C.  Ha,  CrO..  H  0  =C.  H.  0. 
Propylic  do.  C  Hj,  0.,  H  0  =  C.  H»,  CCh,  H  OzrCo  B.  0. 
Butyric  du.  Ct  H,,0»,  HO  =  C»  Ht.  CtOi,  H  0  =  C.  IN  0. 
Valerianic  do.  Cio  H.,  Oi,  H  0  =  C«  H«,  CjOj,  H  0  =  C.u  n»  0. 
Caiiroic      du.  Gii  Hi.,  0>,  H  0  =  Cio  H>i,  CiO>,  H  U  =  Oia  U>i  O, 

It  will  bo  seen  that  in  the  first  column  the  acid  radioal* 
formyle,  acctyle,  propionyle,  butyrylc,  valcryi*',  and  caproylc,  are 
supposed  to  be  united  t«  St  eqs,  of  oxygen  and  1  of  wat«r  ;  while 
in  the  second,  hydrat«d  oxalic  acid,  Ci  Os ,  U  O,  is  sappoacd  to 
be  coupled,  first  with  hydrogen,  and  then  with  the  bomoIcigVM 
of  hydrogen,  the  basic  radicals  metbyle,  ethyle,  propyle,  bn^le, 
and  amyle.  It  is  eWdeut  that  either  view  sutficieutly  aoooonts 
for  the  great  analogy  of  these  acids  among  each  other,  and  that 
the  latter  perhaps  accounts  better  fur  the  fact,  that  the  anunoau 
salts  of  these  radicals  yield  the  cyaDidi..8  of  the  basic  radicals  Ihej 
are  supposed  to  contain.  Thus  acetate  of  ammonia  yields  ojaaide 
of  metbyle,  propylato  of  ammonia,  cyanide  of  ethyle,  &c  On  the 
whole,  it  is  imjiossiblo,  as  yet,  to  give  to  the  one  view  a  decided 
preference  over  the  other  ;  and  it  will  bo  seen  that  Kolbo's  view 
may  easily  bu  applied  to  all  oom[>ounds  supposed,  on  the  othtr  j 
theory,  to  contoiu  formyle,  aoetyle,  and  the  radicals  of  that  ( 
Kolbe  has,  indeed,  with  much  ingenuity,  extended  it  to  all  theae 
and  many  analogous  products,  such  as  aldehyde,  including  < 
of  substitution,  chloral,  chloraoetio  acid,  and  the  chloriuised  ( 
generally.  But  our  limited  space  forbids  us  to  enter  into  1 
details,  and  m'c  therefore  stop,  recommending  to  the  st« 
bear  iu  mind,  thut  not  only  the  doctrine  of  compound  radicals,! 
also  tlint  of  cuiiplud  corapounda,  probably,  has  a  great  share  is  tiie  | 
production  of  organic  bodies. 

Williamson  follows  Bentelius  in  not  regarding  aloobol  as  the] 
bydratod  oxide  »f  uUiyle,  C»  H.  0,  II  0  =  C4  H.  O. ,  bat  as  I 
having  only  half  this  atomic  Weight,   C«  lit  0  ;    and  in    oon- 
sl^<lueDoo  of  sumn  very  remarkable  disoorehes  of  his  own,  he 
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it  necessary  to  halve  the  eijtiivalent  of  hydrogen,  and  to 
write  the  formula  of  water  II»  0,  and  tliat  of  alcuhol  Ci  Ho  O. 
B«  fuppose*  alcohol  to  be  water,  in  which  one  half  of  the 
hydrogen  is  replaced  by  the  body  C«  Ht  (which,  witli  the  double 
cr  ittaal  equivalent  of  hydrogen,  would  be  Ca  Hi},  henoe  the 

reMon  (or  halving  the  eq.  of  hydrogen),   thus:    water  ii  (0; 

alcohol  Q  II  I  0.  Aooonling  to  this  view,  ether  is  water  in 
which  both  the  eqs.  of  hydrogen  (that  is,  all  the  hydrogen)  have 
been  luplaoed  by  C  H.;  water  ^  |  0  ;  ether  cl  u!  (  ^  =  ^ 
10  O  (=:,  in  the  ordinary  form,  C*  H»  0), 

e  have  already  explained  that  if,  without  altering  the  atomic 

t  of  hydrogen,  we  represent  water  thus  :    u  [  q  ;      aloobol 


been  r 
WBioO 


I 


This  amounts,  aa  will 


be  perceived,  to  the  same  thing  aa  Williamson's  view,  and  it  must 
be  bornt-  in  miad,  that  many  other  facts  render  it  (irubable  that 
the  true  formula  for  water  is  a  doable  one,  or  that  the  mulvcule 
of  water,  whioh  is  the  most  frequent  type  of  organic  compounds, 
orabiiiis  2  at.  of  hydrogen  and  2  of  oxygen. 

Thtt  strongest  arguments  for  tliis  view  ore  derived  from  the 
iiwt,  observed  by  Willinmsou,  that  alcohol  is  converted  into 
•Alter  by  the  action  of  iodide  of  etbyle  on  a  solution  of  potush  in 
kloohoL  According  to  the  usual  view,  this  change  would  be 
ttw  wpwaented:  C»  H,  O,  K  0  -f  C*n»  I  =  K  I  +  2  (C.  H.O), 
I  being  supposed  to  have  reploocd  the  water  of  alcohol, 
ason  supposes  one-sixth  of  the  hydrogen  in  alcohol  to  have 
eplaoed  by  potassium,  tlius  :    Ci  lio  0   -f   1<^  (-^  =   U  0   -(~ 

jr     I  0  (halving  the  cq.  of  potassium).     Then  this  compound, 

i  on  by  iodide  of  ethyie,  whioh  he  makes  C«  Hi  I  (halving 

\  oq.  of  iodine  also),  yields  ether  with  it,  thus :   C«  jj'  J  O  + 

q'  g*  I  0.  To  decide  between  the  two  theories, 

rillianuon  tried  to   replace  one   of  the   e<iB.   of  hydrogen   by 
avUiyle.      If  the  ordiuai'y   view   were   right,    he   should   have 
'  auro  of  oxide  of  cthylo  and  oxide  of  methyle,  by 

of  methyl)'  tu  act  on  thu  piitush  ootiip<JUiid  of 
L.  lU  U,  KG  +  C.U.I  =  K  1  -f-  aH.O  +  Ci  Hi 0 (using 
llui  ordinary  equivulvnts] ;  but  instead  of  this,  he  obtained  a 
new   alcohol,  C*  II*  0.      This  he  oxpUius  M  foUowv.     In  Uis 
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notation,   iodido  of  methyle  is  C  Hs  I.      Hence  C,  jJ*  {  0  + 
C  H»  I  =  K I  +  ^"  5°  }  0.   This  latter  body,  C,  H»  O,  in  orfi- 


narj  notation,  Ci  II<  0  or  Ca  Ha  Oi ,  is  a  very  remarkable  uw 
alcohol,  and  Williamson  has  obtained  others  of  the  Mine  dam, 
which,  however,  as  well  as  the  first,  have  not  yet  been  fully 
described.  These  remarkable  researches  will  [irobably  hereafter 
lead  to  modifications  of  our  -news  on  many  points ;  bat,  in  the 
meantime,  we  shall  adhere  to  the  usual  view,  which,  far  the 
moment,  is  the  best  attainable,  but  which,  like  all  theories,  must 
in  time  give  place  to  sooh  as  better  agree  with  all  known  Ctete. 
A  theory  in  chemistry  is  nothing  more  than  such  a  view  *• 
groups  together  the  largest  number  of  foots  at  a  given  time,  and 
has  no  pretensions  to  absolute  truth,  nor  to  be  more  than  a  guide 
to  the  enquirer,  and  an  aid  to  liis  memory. 
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We  have  already  mentioned,  onder  the  oily  acids  of  the  formylio 
ad  oleic  series,  that  the  natural  fixed  oils  and  fats  are  neutrml 
omjiounds  of  these  acids  with,  for  the  most  part,  the  baaio  oom- 
pound  glycerine,  or  oxide  of  glycetyle  (tx)  be  presently  deeoribed), 
and  in  a  few  cases  with  basic  oxides  of  the  series  of  oxide  of  ethyle. 
These  neutral  oils  and  fats  are  named  according  to  the  acids  they 
contain.  Thus,  stearine,  margarine,  palmitine,  oleine,  caprine, 
valerine,  and  butyrine,  ore  the  compounds  of  glycerine  with 
stearic,  margario,  palmitic,  oleic,  caprio,  valerianic,  and  butyric 
acids.  Cetine  is  the  palmitate  of  oxide  of  oetyle ;  Chiueae  was  U 
the  ceretatc  of  oxide  of  ocryle.  The  part  of  bees-wax  inaolubk 
in  alcohol  is  palmitate  of  myrioyle,  and  the  oil  of  the  babena 
rostrato,  or  beaked  whale,  contains  with  other  oils  the  duDglinats 
of  oxide  of  dodecatyle. 

The  chief  liquid  fat  oils  and  drying  oils  of  the  Tagwtebl* 
kingdom  have  already  been  mentioned.  In  the  animal  king^MB, 
there  ore  fish  oils,  ehoraoterised  by  containing  valerate  of  glyovriaa^ 
or  valerine,  which  gives  the  smell  of  train  oil,  and  ooours  also  ia 
cod-liver  oil,  &o.  &c. 

The  solid  oils  or  fats  of  the  vegetable  kingdom  are,  butter  of 
'  {Theobnima  cacao)  ;  of  nutmeg  {Myrislica  nuaekata);  of 
s-uut  (Cucoi  nHci/rro) ;  of  laurel  [Laurut  nobtliM) ;  pabn^ot] 
[Ar-oira  elait  ,■  F.lai*  (Juianeruit)  ;  galom  butter  (I/omm  buty^ 
raeea) ;  and  some  others.  Those  of  the  animal  kingdom 
tallow,  or  (uet,  butter,  hog's  laid,  human  fat,  &o. 


- 
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fti  is  a  peculiar  fat  found  in  the  head  of  Phi/neter 
alus.  When  [luriiicd  from  a  small  quantity  of  a  liquid 
oil,  it  constitutes  ceti'nt,  which  is  a  compound  of  oxide  of  oetyle 
with  oetylio  acid,  and  yields  the  hydruted  oxyde  of  oetyle,  or 
«th*l,  and  oetylio  acid,  as  formerly  explained,  when  boiled  with 
potoah,  Cetine  crj'stAlliscs  beautifully  when  melted  or  when 
diMolved  in  hot  alcohol. 

kCholesterine  is  a  fat  found  in  bile,  and  also,  in  small  propor- 
tion, in  the  blood,  and  in  much  larger  quantity  as  an  ingredient 
of  eerobral  matter.  It  forms  the  chief  ingredient  of  biliary 
oalenli.  It  dissolves  in  hot  alcohol,  orystallising  on  cooling  in 
sQTery  scales,  but  cannot  be  sai>onified  by  boiling  with  potash. 
It  will  be  described  more  fully  under  the  head  of  bile.  When 
acted  on  by  nitric  Bi:rid,  it  yields  a  new  acid,  choUiteric  acid,  which 
contains  nitrogen,  probably  as  nitrous  acid. 

Ambrnne,  a  fat  analogous  to  cholesterino,  is  found  in  ambergris. 
It  yields,  with  nitric  acid,  ambrtir  acid.  Castorine  is  a  similar 
fat  found  in  castoreum. 

Wax  is  another  peculiar  fatty  body,  the  origin  of  which  is 
derived  from  flowers,  whence  it  is  collected  by  the  bee.  It  melts 
at  about  laO°.  It  ix  a  mixture  of  two  fats,  oerotio  acid,  and 
palmitate  of  oxide  of  melissyle,  as  formerly  explained  ;  the 
figiniwr  soluble,  the  latter  insoluble,  in  hot  alcohol.  When  heated 
with  nitric  acid,  wax  is  almost  entirely  converted  into  succinic 
[acid. 

CbinMe  wax  consists  of  cerotate  of  oxide  of  cerylo  alone. 
JapMi,  or  tree  wax,  is  a  true  fat,  composed  of  palmitic  acid  and 
glyoerine  without  oleine.     When  acted  on  by  nitric  acid  it  yields, 
finit  piroclio  and  adipio  acids,  and  then  succinic  acid,  as  in  the 
>  of  spermaceti. 
We  shall  return  to  the  subject  of  the  composition  of  the  fixed 
I  oili  nnder  glycerine,  the  basic  principle  which  they  all  contain. 
Ctn>»ine  is  the  name  given  to  a  waxy  substance  oooasionally 
fimnd  on  the  surface  of  the  sugor-cjine.     It  is  not  saponitiable,  and 
1  appmrs  to  contain  C»»  \lt»  0» .     It  is  probably  an  aldehyde,  or  if 
^  it*  formula  b«  doubled,   Cm  Usa   0« ,   it  may  be   a  compound 

_^  tthamantt'ne,  trora  the  root  of  Athamanta  oreotelinum,  is  a 

nsryitnllinc  fat-like  liody,  containing  valerianic  acid,  unit<'d  to  a 

body,   nrfoiehne,  which  supplies  the  place  of  glycerine  in  the 

nmtml  athatnanfino.     Oreoselono  is  Ci«  Hs  Os,  that  is,  isomeric 

^jith  dry  benzoic  acid.      Athamontine  is  Cm  Hi»  Ot  =  C14  Hs  0» 

!•  oreosolonu)  +   Cio  IIki  0«    (1  eq.  valerianic  acid).     Atha- 

Btine  ctimbines  with  hydrochloric  acid,  and  the  compound, 

when  boiled  with  water,  deposita  crystals,  which  ate  oteowlovA 
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plti*  water  =  C»  H*  0* ,  and  isomcrio  with  eiystallbod  beusole 
acid. 

These  neutral  oils  or  fats  never  occur  singly,  for  suet  and  tallow 
consist  of  stearine,  margarine,  and  oleino  ;  lord  and  human  fat  of 
margarine  and  oleine  ;  olive  and  almond  oils  of  the  Mime  two  fat* 
in  diflerent  proportions  ;  butter  of  margarine  or  palmitinr,  oUiue, 
and  small  quantities  of  caprine,  oapryline,  oaproine,  and  butf  rin« ; 
train  oil  of  oleine,  with  a  little  of  some  solid  fat  and  a  Uttle 
valerine,  as  docs  also  ood-liver  oil;  palm-oil  of  p&lmitine  and 
oleine,  and  so  on. 

The  compounds  of  glycerine,  which  constitute  the  great  raajoritj 
of  fats  and  tixed  oils,  are  called  gljoerides.  They  are  all  aajtoai* 
fled  by  boiling  with  potash  or  soda,  which  unite  with  the  acida  t* 
form  soaps,  while  the  glycerine  is  set  tree,  tokiug  up  the  eletneat* 
of  water. 

The  glycerides  of  the  fatty  acids  high  in  the  scale,  above  C«  , 
are  devoid  of  taste  and  smell  when  pure,  hut  hy  long  exposur*  to 
air  are  in  part  decomiKiscd,  the  acids  being  to  some  extent  liberated, 
when  they  acquire  a  rancid  taste  and  smell. 

Those  of  the  acids  lower  in  the  scale  have  generally  some  nBeU 
and  taste  :  thus  the  flavour  of  butter  is  due  to  the  small  propartiea 
of  hutyrinc,  caproine,  &o.,  which  it  contains;  and  that  of  tiain 
oil  and  cod-liver  oil  arises  from  the  presence  of  valerine. 

The  glycerides  are  generally  insoluble  in  water,  hot  refy 
soluble  in  ether  or  turpentine,  sjiorinjjily  soluble  in  oold  al.".'?i-il. 

They  are  all  decomposed  by  heat,  those  which  oout.i  id 

yielding  sebaoic  acid,   and  all  glycerides  whatever  ;  „  '^< 

pungent  suftucatiug  vapours  of  acroleine.     (See  below.j 

Ammonia  not  only  saponifies  the  glycerides,  bat  alao  acta  on  \Lt 
acids,  forming  amides,  such  as  margaramide. 

Sulphuric  acid  decomposes  them,  producing  cnlphoglyoerio  aoid. 
and  compiiund!)  of  sulphuric  acid  with  the  fatty  acids,  whioh  arc 
not  stable,  and  ore  spontaneously  daoomposed  by  ooutaot  wltJl 
water. 

The  action  of  nitric  acid  on  the  glycerides  is  violent,  and  it 
oxidises  both  tlie  glycerine  and  the  acid.  The  products  of  tb« 
tatter  action,  as  mentioned  under  the  various  acids,  are  ohiefly 
carbonic  aoid  and  various  acids  both  of  the  fonnylio  and  wulio 
scries,  oapeeiolly  suooinio  and  suberic  aeids. 

It  is  nnneocasary  to  describe  individually  th«  nomerons  oila, 
both  animal  and  vegetable,  all  of  which  have  the  general  characters 
here  menUoned.  Itut  one  oil  is  so  peculiar  that  it  drvrvio  a 
special  m/tioe.     This  is  costor-uil,  the  oil  of  Jitcinui  <  '■ 

Castor-oil  is  a  glyecridc,  or  rather  a  mixture  of  gl;.  iiO 

acid*  of  which  am  in  part  peculiar.    When  tapoaifleU,  aad  tb 
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.  by  an  acid,  there  is  obtained  an  oily  aoid  liquid, 
_  of  ricinolic  acid.  Cm  Hm  Go  =  Cm  Hm  0»  ,  n  0, 

a  cmnll  portion  of  a  solid  aoid,  apparently  n   mixture  of 
•tesris  anil  palmitic  aoids. 

Kiiiinolio  acid  is  an  oily  liquid  whioh  by  intense  oold  congeals 
alo  apLerioal  concretions.     Its  salts  with  the  alkalies  arc  stiaps. 
iaisolate  of  ethyle  is  oily.     Eioinolamide  la  a  crystalline 

TiTheti  heated,  ricinolic  acid  is  decomposed,  yielding  hydrated 
oxide  of  a'naathyle  or  tenanthylic  aldehyde,  with  some  ojuauthylic 

Wluin  bo*t«d  with  caustic  potash,  ricinolic  aoid  is  resolved  into 
iT»t«d  oxide  of  ootyle,  or  caprylio  alcohol,  sebuoio  aoid,  and 


nichaollt  wU.  Scbista  of  Pnlub.  Oaprjriie  4l(MhoL 

Cm  Bm  0*  -t-  3  (K  0,  H  0)  =  Oki  Hi«  Co,  2  K  0  -f  Cio  H»  0.  +  Hi 

By  oootact  with  hyponitmns  aoid,  rioinolio  aoid  is  transformed 
^iBto  a  aolid  acid  isomerio  with  it,  ricincloidio  acid.  It  is  dooom- 
1  by  heat  in  the  same  way  as  ricinolic  acid. 
Outor-oil,  when  distilled  alone  or  with  potash,  yields  the  same 
IttoU  as  ricinolic  aoid,  along  with  those  formed  by  the  action 
|«f  heat  oil  glycerine  and  on  tho  solid  acids  of  the  oil.  By  hyponi- 
I  acid,  or  nitrate  of  mercury,  castor-  oil,  or  rather  the  ricinoline 
,  is  converted  into  the  solid  rioinelaidine,  whioh  has  a  waxy 


vurma  oils. 

Tbeae  oils,  of  whioh  linseed  oil,  walnat  oil,  and  hempseed  oil 
an  tlu  tnoat  important,  ooutaia  an  oleine,  the  acid  of  which,  as 
Iwfon   atatcd,   diffura   &om   common   oleic  acid.      They   attract 
xygcn  ra|>idly  from  tho  air,  and  dry  into  a  vaminh.  This  change 
promot<Hi  by  first  heating  the  oil  with  litharge,  whioli  removes 
mueiu,  \c.     The  presence  of  some   foreign  substuiice   in  small 
ity  scums,  however,  to  be  favourable  to  the  dcaioooUoa  of 
•ik. 
flxed  or  fat  ofls  in  general  are  apt  to  bcoome  rancid  when 
lupt.     Thia  is  caused  by  the  presence  of  tracts  of  albuminoua 
Biattenk,  which  act  as  ferments,  and  cause  the  glyoeridcs  to  bo 
ually  resolved  into  free  glycerine  and  free  acids  ;  and  as  most 
contain  a  little  of  the  glyoeriiies  of  soma  of  the  more  voUtile 
d«,  such  OS  butyric,  caproic,  valerianic,  caprylio  or  oapric 
and  OS  these  acids,  when  free,  hare  a  strottg  rancid  odour, 
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oils  which  have  heen  thna  decomposed  become  rancid.  Pore 
stearine,  marjp^orine,  palmitine,  or  oleine,  do  not  nnder^o  tbi* 
ohan^,  which  is  particularly  apt  to  occur  in  butter,  lord,  and 
olive-oil,  because  these  fats  and  oili  oil  contain  tome  albamen, 
tibriue  or  oasoine. 


ACTIOS  OF  BASES  OX  FAT  OILS.      SOAPS  AVD  FI.ASTEBa. 

When  fat  oila  ore  boiled  with  solution  of  caustic  alkalioi, 
they  are  fcradually  dissolved  iu  the  water,  if  there  be  not  too 
[groat  an  excess  of  alkali  present,  forming  ropy  or  gelaUaooa 
kaolations,  which  gelatinise  on  cooling.  These  are  solatioos  of 
f  soaps,  that  is,  potash  and  soda  salts  of  the  fatty  acids,  along  with 
the  glycerine  set  free.  In  order  to  have  the  soaps  in  a  solid  fonSt 
the  solutions  are  boUed  down,  and  when  the  alkali  reaches  a 
certain  cod  centra tion,  the  soap  becomes  insoluble,  and  rises  to 
the  surface  in  a  soft,  half  melted  state.  This  is  drawn  off  mto 
moulds,  and  the  mass  formed  on  cooling  is  soap.  Another  method 
of  causing  the  soap  to  separate  from  the  water  in  which  it  is 
dissolved,  consists  in  adding  sea-salt,  which  at  onco  coa^latcs 
the  soap,  converting  it  into  a  soap  of  soda,  if  it  be  a  soap  of 
I  potash.  Of  course,  the  glycerine,  in  both  oases,  is  carried  off  ia 
the  mother  liquid.  Such  is  Uie  theory  of  soap-makiiig,  wbii^  is 
very  simple,  depending  on  the  affinity  between  the  alkalies  aad 
the  fat  acids  ;  on  the  solubility  in  water  of  the  alkaline  stearatM, 
margarates,  oleates,  palmitates,  &o. ;  and,  finally,  on  the  power 
of  a  certain  amount  of  free  alkali  or  of  sea-salt  to  eoogolate 
the  soap  and  render  it  insoluble  in  the  liquid  in  which  it  iwlma, 
and  which  in  fact  runs  off  its  surface  as  water  does  off  the  sur- 
face of  fat,  while  yet  the  soap  retains  perfectly  its  solubility  tfl 
pure  water. 

The  soaps  of  lime,  baryta,  &c.,  are  insoluble  in  water,  and 
have  no  detergent  power :  hence  the  waste  occasioned  by  osing 
hard,  that  is,  calcareous,  water  for  washing.  All  the  salts  «tf 
limu  in  such  water  must  first  be  entirely  precipitated  in  the  form 
of  curdy  flocculi  before  any  soap  can  be  dissolved  so  as  to  act  as  a 
detergent. 

The  soaps  of  potash  are  soft,  compared  with  those  of  soda,  whieh 
'  are  called  hard  soaps.  White  soap  is  a  stearate  with  some  olsate 
t  «f  soda.  Kaples  soap  is  oleatc  and  margarate  of  potash.  ComoMI 
[•oft  soap  is  chiefly  oleate  of  potash,  but  as  it  is  made  from  whaU 
il  or  seal  oil,  it  contains  also  valerate  of  potash,  derived  from  ths 
rvalerine,  which  gives  it  a  disagreeable  smell. 

Castile  soap  is  oleate  and  margarate  of  sods,  coloured  by  matattie 
oxides,  chiefly  oxides  of  iron,  in  such  a  way  as  to  give  the  dosiidl 
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noe.     Much  and  excellent  soap  la  aoyr  made  of 

tiierefore,  polmitate  of  aoda. 

Soajat  are  soluble  in  alcohol,  forming  tincture  of  soap,  which  if 

Bii  admirable  liniment  for  bruiars,  and  is  mnch  used  along  with 

ludanum,  as  tincture  of  soap  and  opium  ;  also  with  camphorated 

pirit,  furtiiing  o|>odcldoc. 

PUutei  *  are  soaps  of  certain  metAllio  oxides,  ehieflf  oxide  of 

•■h  ore  insoluble  in  water,  but  fusible,  and  poaaoss  useful 

Litharge  plaster  is  made  hy  boiling  5  parts  of  finely 

uxide  of  lead  with  0  parts  of  olive  oil  and  some  water, 

ill  the  combination  is  oomplete,     It  is  plastic  at  ordinary  tempe- 

and  melts  when  heated.     When  solution  of  acetate  of 

I  added  to  solution  of  soap,  plaster,  that  is,  oleate  and  mar- 

I  of  lead,  is  precipitoted.     When  prepared  in  this  way  it 

Dca  bard.      White-lead  plaster,  made  with  carbonate  of  lead, 

t*  very  plastic  and  fusible,  and  is  much  used.    Iron  plaster  and 

iitial  plaster  are  of  small  importance. 
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ho  hypothetical  radical  of  glycerine,  a  basic  compound 
in  all  neutral  fat  oils  combined  yriih  oily  acids. 

□7dr»t«d  Oxide  of  01rcei7leL     C<  Hi  0>  +  B  0  =  C>  lit  Ox. 

Srjt.   Olyeerine.   To  obtain  it,  olive  oil  is  convertt-d  into  plaster 

V  Imi.t   >,/,iling  with  litharge  and  w.-iter.     When  the  plaster  ia 

formed,  the  glycerine  is  found  dissolved  in  the  water, 

...i  .lied  from  lead  by  suliihuretted  hydrogen,  and  is  then 

ttratcd  in  the  vapour  bath  and  finally  in  vacuo.  When  pure, 

I  a  riscid  syrup,  colourless  or  slightly  yeUow.     It  has  a 

(wcct  ta9t«,  and  its  .Sp.  G.  is  1*252.    By  the  action  of 

It  ia  decomposed,  yielding  a  peculiar   volatile   compound, 

»'»»*,  wliioh  attacks  the  eyes  mcst  powerfully. 

With  siilphurie  acid,  glycerine  forms  an  acid  sulphate  C(iIT7  0», 

0,  2  8  On ;   which  forms  double  wills,  analogous  lo  the  sulpho- 

Hnattts,  the  formula  of  wln'oh  is,  M  0,  C,HtO»,  2  S  Oj. 

In  contact  with  yeast,  a  sulution  of  glyccriDe  undergoes  fermen- 
ktion,  yielding  uiuoli  projiylie  acid  iiud  a  little  formic  and  acetic 
la  this  pruofAts  the  glycerine  is  dehydrated. 


C«  Of  Oo- 


ProfiyUo  AokL 
2  HO  =  Cki  U.  0.. 


ntly  hent<vl  with  potash,  glycerine  yield*  uetio  and 
'  '    ■       '1. 

,     ,..rio  ftoid  glycerine  lose*  4  twi.  of  water, 
uUnne,  C'«  U«  Os . 
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Willi  hydrattid  acida  it  unites,  forming  compounds,  wliieii 
be  oolltd  Gi^otridefe,  laaiiy  uf  whidi  Lave  the  [iropcrlic*  of 
oils. 

A  mixture  of  nitric  and  sidpburio  acids  converts  gljoerine  into 
a  yellow  oil,  of  a  sweet  aromatic  taste,  but  which,  when  a  drop  it  i 
placed  on  the  tongue,  causes  subsequently  a  severe  migraine.  { 
This  ia  uitroglyceriue,  a  liquid  so  explosive,  that  if  paper, 
moistened  with  one  drop  of  it,  bo  placed  on  an  anvil  and  atrock  { 
by  a  hammer,  it  explodes  with  a  deafening  report.  It  ia  glyucrine,  , 
in  which  'i  eq.  of  hydrogen  have  been  replaced  by  3  eq.  of  N  O. .  miii 

ita  formula,  therefore,  is  3  vg'  I  On. 


nLTCEBlDES.      COMrOBITION    OP   THE  FIXED   OtU. 

For  along  time  it  was  found  impossible  to  ca\ue  glyoetine  again 
to  unite  with  the  oily  acids  with  which  it  bad  been  found  com- 
biued  in  tixed  oils,  such  as  stearine,  margarine,  or  oleine.     Hot  I 
Pelouze  and  Gclis  succeeded  in  rcjircducing  butyrinc,  and  Bet- 
thelot  has  shown  that  nearly  all  acids  may  be  made  to  oombiiKi 
with  glycerine,  the  elements  of  water  being  always  sctHirtttod,  if  J 
kept  in  contact  with  it  at  a  somewhat  high  temperature.     Or  Umj 
Aoid  may  be  added  to  the  glycerine,  and  hydrochloric  acid  gail 
passed  thruugh  the  mixture.     The  compounds  tlius  furmMl  at«' 
called  Glyceride;,  and  are  of  on  oily  character,  and  neutraL    TUmkj 
are  sn^tonilied  by  the  alkalies. 

Tlie  artiticial  glycerides  commonly  contain  1  eq.  of  acid  to  1  eq. 
of  glycerine ;  but  the  natural  ones  often  contain  3  or  4  cq,  of  aoid 
to  1  eq,  of  glycerine.     Some  uf  these  have  been  also  formed  artifi- 1 
oially.  They  are  all  named,  fur  brevity,  from  the  acid,  aa  sto&rute,  j 
oltfine,  &o. 

Clilorhydrine  is  the  hydroohlorate  C«  H»  0«  +H  CI  —  2  11  0  =  I 
Cf  Ur  CI  O4.  It  is  a  neutral  oil  of  a  sweet  aud  pungent  Uut«,  j 
and  a  cooling  smell,  boiling  at  440°  F.  There  are,  in  all,  tiirw 
cumpounds  of  glycerine  with  hydrocldoric  acid.  That  juat  de- 
scribed is  monoelilorhvdrine.  Dichlorbydriuc  is  C»  11*  Cl>  Oi=  ' 
C.  \U  Oo  +  2  It  CI  —'4  H  O.  Ei-ichlorhydriiie  is  C<  H.Cl  Oi  ' 
=  Ce  lUOo  +  H  CI  —  4  H  O.  The  fi.rmer'is  an  ethcTe«l  oeutnl ' 
oil,  boiling  at  '■ib'i',  llie  latter  is  a  heavy  ethereal  oil,  builiog . 
at  250°. 

AcHinti,     There  ore  likewise  three  of  these  : 

Monsretinc,  Cio  D,.,  Ot=  C  11.  0.  -f  C.  H.  O4  -  2  H  0. 
DtaocUne,  C14  H»  Oio  =  Cti  11*  0.  -I-  2  (C.  Hi  0<)-  4  II  0. 
Tiiantioe,  On  Hj.  Oi>  s=  C«  II*  0>  4-  8  (C<  IL  0«}-  S  Q  O. 

Th*j  are  neutral  oils,  of  a  aomowhat  ethcrvol  odour.  Soioo  fans 
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ne,   probably  triaoetiue,  8e<?ins  to  form    part  of   some 
I  oils,  -whicli  j-ields  some  acetic  acid  when  saponilipd. 
^  ArHochlorhydritte  is  a  neutral  mobile  oil,  of  an  odour  like  that 
^  acetic  elLcr.     It  is  Cio  Hi,  CI  0«  =  Cn  H«  Oo  +  C»  H.  0»  +  H  CI 
-4  H  0. 

^^tUtyline  u  formed  wlieo  1  cq,  of  glvcetioe  acts  on  2  eq.  of 
"  I  4  of  water  beiug  separati-d.     It  is  a  limpid  oil,  of  a  pun- 
ribthereal  imell,  and  its  formula  is   Cii  Hio  Oa  =  Co  H«  Oe  -|- 
2(C»H,(),)— 4  HO. 

Bulyrinet.     There  ore  tLree  of  these,  formed  in  the  same  way 
■a  the  Boetinei : 

MunoLntTTine,  Ci.  Hi.  0.=  Co  VL,  0«+  Cs  H.  0.—  2  H  0. 
Cibutjrini',  Cm  Ui»  O.o  =  Co  H.  Oo  +  2  (C.  H.  0. )-  4  H  0. 
Tribut^riDo,  C»  Um  Oi>  =  C  B<  0«  +  3  (C>  U<  0.J-  6  H  0. 

^^K  They  are  neutral  oils,  of  a  strong  odour,  and  a  pungent  bitterish 
^^Kstu.  Probably  tributyrine  ii  that  whidi  is  present  in  butter  in 
^^Hiall  quantity,  and  ouutributes  tu  ita  flavour.  Tbero  ia  also  a 
BHatyrjcblorhydrine. 

r  VaUrinet.     There  ai*  three  of  these;  but  as  they  are  formed  in 

th«  same  way  aa  those  already  mentioned,  from  1  eq.  glycerine 
with  1,  2,  and  'i  e<].  of  the  acid,  and  tlie  separation  of  '1,  4,  and 
6  cqs.  of  water,  it  is  unnecessary  to  repeat  all  the  details.  Their 
empirical  formula;  arc : 


MonoTnierine,  Cia  Bm 
Divaleriiif,  Cm  llsi  On 
Trirolerine,  C»  ILm  0 


0, 


'  Ben. 


They  »ro  also  neutral  oils,  of  an  unpleasant  odour.     Trivalerine 
eon  tu  be  the  comi>ound  which  gives  the  peculiar  smell  to 
tin  oil,  cod-liver  oil,  and  similar  oil*.    There  is  also  a  valero- 
Jorhydrino, 

•Hzoicines.  Of  these  there  are  two,  Monobenzoicine  Cm  Hh  Os  , 

Tribeiutoicine  C«  Hao  On.     The  former  is  a  semi-solid  trans- 

ent  rcsinoid  mass ;  the  latter  crystallises  in  tine  needles.     There 

Iw)  a  benzoohlorhydrine,  Cio  Hit  CI  0<i. 

Cnrnjihorint,      Camphoric    acid    forms,   with    glycerine,  this 

oompound,  not  yet  analysed.      It   is  a  visoid   mius  like  thick 

tnrpentino. 

"'*  "c.     This  is  the  natural  fat  of  the  oil  of  nutmeg,  and 

i  V  4  eu.  (if  myriitio  aeid  and  1  oq.  of  glycerine,  minut 

itj.  '.1  »<;itvr.     Formula,  Cm  Ua*  •'lo. 

\  Patmitinrt.    Thero  are  three,  formed  from  1,  2,  and  4  eq.  of 
:  ooid  lespeotively  with  1  cq.  of  glycerine,  water  being  in 
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each  COBO  separated  ;  2  cqs.  in  the  tiro  first,  6  eq>.  in  tli^Iiii 
These  compouuds  are  monopalmitine,  Cm  Hm  0>  ;  dipalmitine, 
C70  II70  On  ;  and  tetrapalmitiae,  Cim  Him  Ou.  They  are  all 
fatty  oils,  and  the  last-named  is  the  natural  fut  of  palm  oil. 

OUines.     There  are  two,  Munoleine,  Cm  H«  0»,  and  IHoIeiae, 
Ctii  Hit  Oi*.      The  former  is  an  oil,  neutral  and  concealing  at 
The  latter  aluo  crystallise*  about  the  same  temperatore.     It 
I  not  precisely  known  what  is  the  formula  of  natural  oleinu ;  pro- 
bably it  is  triolcinc  or  tetroleine. 

£lauiine,  formed  from  elaidio  acid  and  glycerine,  or  bjr  tik« 
action  of  hyponitroos  acid  on  oleine,  is  a  solid  fat,  iiomeric  with 
oleine, 

Margarinft.  Monomanarorinc,  Cw  Hw  Os,  is  a  fat,  melting  at 
133°.  Tetramari^arinc  is  also  a  fat,  and  seems  to  be  the  natural 
compound,  It  is  Ciu  Hua  Os*.  It  melts  at  127°  and  toUdifiea 
at  106°. 

Stearinet,  Bcrthelot  has  formed  three  of  these  by  heating  it«arie 
acid  with  glycerine  in  sealed  tabes  for  some  time.  Monosteuint, 
f  Cm  Ht4  Oi ,  is  a  neutral  fat,  fusible  at  143%  and  rolntilists; 
unchanged  in  vacuo.  If  kept  for  a  long  time  in  oontaot  with 
concentrated  hydrochloric  acid  at  2 1 2*,  the  acid  and  glyvntM 
■eparate,  which  is  the  case  also  with  most  of  the  artificial 
I  glyeerides. 

DUtearine,  Oi»  Hu  On,  ia  also  a  crystalline  fat,  rndting  at 
13fl*. 

Tetrastearine,  Ciw  IIim  Oio,  is  also  a  crystalline  fat,  and  ia  tlw 
natural  stearine.  It  is  best  obtained  from  suet,  tallow,  or  caoao 
butler,  by  acting  on  the  solid  part  of  these  fats,  after  expreasijig 
as  much  oleine  as  possible  with  hot  ether,  which  on  cooling 
returns  in  solution  oleine  and  margarine,  leaving  steorine,  which 
ia  pure  when  its  melting-puint  bcoomei  constant  at  about  147*. 
But,  aa  has  been  already  mentioned,  ktea.rine  has  several  melting- 
points,  depending,  no  duubt,  on  allutropic  modilicationa. 

Steariue,  when  pure,  that  is,  the  natural  or  tetrastearine,  b 

harder  than  wax,  and   may   be  reduced  to  powder.     It  foma 

I  bvaotiful   scaly  crystals   from  it*  solution   in   hut  ether,  which 

dissolves  it;  but  it  ia  only  sparingly  soluble  in  oold  ether  or  in 

alcohol. 

Sehine,  On  Ilim  Oi«,  which  is  formed  from  1  eq.  of  aebado  atid 
and  2  eq,  of  glycerine,  minut  4  cq.  of  water,  is  a  eryatallina 
■olid. 

Sirinoleint  ia  the  chief  constituent  of  castor  oiL  Ita  formnla 
is  not  yet  nucertuined. 

JiicinrhiJine  is  a  solid  fat,  isomeric  with  the  preocding,  and 
'.  from  it  by  the  action  of  hyponitrous  aoid. 


• 
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Or  Djdnlcd  Oxide  of  Acrjlo,  C«  Bt  03  =  0«  H>  0<  -  4  H  0. 

"We  have  •een  that  glycerine,  when  it  combines  with  acids, 
2,  4,  or  0  eqs.  of  water,  and  it  is  probable  that  the  true 
baM  or  glycerine  ia  C<  H«  Oi,  that  is,  glycerine  minus  4  eqs.  of 
water. 

Wb«n  gljoorine,  or  any  oil  containing  it,  is  distilled,  there  aro 
formed  rapours  which  attack  the  eyes  and  organs  of  respiration 
most  Tiolently.  These  ore  the  vapours  of  acrolcine,  C«  H*  Oi « 
lieh  is  bust  obtained  by  beating  glyoerino  with  anhydrous  phos-' 
orio  uoid.  As  it  is  very  easily  oxidised,  it  must  be  purified  by 
ition  in  on  atmosphere  of  carbonic  acid.  When  pure,  it  ia 
,  oolourlcss  liquid,  of  high  refractive  powers,  which  alfecta 
I  BO  painfully  as  to  be  quite  intolerable.  In  preparing  it,  as 
\  i»  TVry  volatile,  the  nncondensed  vapours  must  not  be  suffered 
to  eteape  into  the  room,  otherwise  the  operator  must  leave  it ;  but 
ought  to  be  sent  into  the  chimney.  A  few  drops  of  it,  in  a 
om,  will  cause  a  whole  assembly  to  shed  abundant  tears, 
^ meat  distressing  sensation.  It  ia  a  mere  traoe  of  this  sub- 
I  which  gives  its  ]>aiuful  pungency  to  the  vapour  of  a  candle 
1  bloM'u  out  so  as  to  leave  the  wick  red-hot.  It  has  a  burning 
It  is  lighter  than  water,  and  boils  at  125°.  It  is  nipidly 
idiscd  iu  the  air,  and  converted  into  acrylic  acid,  Co  Ut  0«, 
ready  duscribod.  Acroleino  does  not  keep,  even  in  close  vessels^ 
;  oonverted  either  into  a  white  amorphous,  inodorous  powder, 
1  disooryle,  or  into  a  resinous  muss,  rosin  of  disacryle.  The 
Dtr  is  probably  isomeric  with  aoruleine  ;  the  latter  is  said  to 
b*  Oip  Qi3  Oa,  but  this  is  a  doubtful  formula. 


taste. 


["We  oa&  sow  understand  bow  heat  acts  on  oils  or  fats.  All 
loontain  glyocrlne,  a  large  majority  of  them,  yield  acroleine) 

[  wbiob  a  mere  trace  ia  easily  detected  by  the  oction  on  the  eyes 
its   smell.     Those   whicb   contain  oleic   acid,  also   a  large 

ijority  of  natural  fat  oils,  yield  sebaoio  acid,  which  is  easily 
tod  by  boiliug  the  product  with  water  and  Hltering.  The 
I  on  cooling  will  deposit  sobacio  acid,  if  oleic  acid  have  been 

I  other  products  are  oily  aoids  of  the  formylio  series,  whioh 
'  volatile,  water,  and  corbohydrogens. 

Rg  now  dcsorilied  the  beat  known  radicals,  and  the  series 
t>.>d  with  llieiu,  we  shall  proceed  t^j  consider  brietly  those 
opousdii  ths  ntdiools  of  which  ore  but  little  or  not  at  all  knowiit 


SIO 
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"We  shall  hcgiti  with  an  important  class  of  compounds,  namely, 
tho  more  abundant  organic  or  vcgelubk-  acids,  not  oily  or  fatty  in 
;  character. 

OBOiLinC  ACTD8,  HOT  OltT. 
1.  CiTRio  AoiD.     Ci.  Hs  On,  3  H  0  =  Ci;  8  n  0. 

This  acid  is  found  in  raony  vcgetohle  juices,  especially 
of  sour  fruit*,  as  tho  Ifmon,  lime,  orange,  red  currant,  &o.  It  is 
extracted  by  adding  chalk  to  the  acid  juice,  by  which  me*sa  >n 
insoluble  citrate  of  lime  is  formed.  This  is  decomposed  by 
diluted  snlphurio  acid  with  the  aid  of  hent,  and  the  solution, 
filtered  from  the  sulphate  of  lime,  gives  on  evaporation  and 
eooling  crystals  of  citric  acid,  consistiup  of  Ci,  3  H  O  -f  aq.  A 
■light  excess  of  sulphuric  acid  promotes  tlie  crystollisatioD. 

It  forms  large  transparent  crystals,  Tcry  soluble  in  water,  of 
a  very  strong  and  agreeable  acid  taste.  A  diluted  solution  b 
aoon  decomposed,  becoming  mouldy.  By  spontaneous  evaporation 
of  a  saturated  solution,  crystals  may  be  obtained,  which  ore 
Cr,  3  H  0  +  2  aq.  At  212%  these  lose  the  2  eqs.  of  wotef  of 
cryslollisatinn.  The  other  crystals,  above  mentioned,  do  not 
Jose  water  at  212%  but  melt  at  ioit"  ;  and  when  heated  boyond 
800°,  both  kinds  are  decomposed.  Heated  with  oil  of  ritnol  in 
•xoeas,  citric  acid  is  decomposed,  yielding, 


From  1  eq.  citric  acid 

2  eq.  carbonic  arid 
S  eq.  esrbooic  uiiJe 
S  eq.  acetic  acid 
2  eq.  water    . 


0,. 

H>  Oi 

c> 

0. 

Ci 

o. 

c 

B,0« 

H.  Oi 

Cii  Hi  Oil 


In  like  manner,  when  fused  with  oanstio  potash,  citric 
is  resolved  into  2  eqs.  of  acetic  acid,  2  eqs.  oxalic  odd, 
2  eqs.  water. 

When  citric  acid  is  added  to  limc>water,  the  liquid  remaina 
clear,  hut  when  heated  becomes  turbid,  and  dcpoiiits  citrate  of 
Ume.  This  character  serves  to  distinguish  citric  acid  from  i 
otbw  regetable  aoidi. 


R4I.T8  or  crmTc  acib. 


Citric  acid  is  tribasic,  and  forms  three  series  of  nentrsl  salts, 
that  is.  of  salts  with  3  eqs.  of  base,  whether  fixed  base  or  hMie 
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It  iilso  forms  fcado  Baits,  of  tlie  formula  t'l,  3  M  0  + 
W,  3  M  0  +  M  0  +  ai}.  These  bnsio  salts  correspond 
atitutioD  to  t>ie  two  forms  of  cryslallined  acid. 
When  D  dry  citrate,  nith  3  eqs.  of  fixed  base,  is  decompoMd 
an  alcoholic  solution  of  hydrochloric  acid,  so  that  no  more 
is  presented  to  the  citric  acid  than  the  3  cqs.  of  basic 
f  dtrived  from  the  hydr.>j^-n  of  the  hydrochloric  acid  and 
ygen  of  the  base,  there  arc  formed,  from  3  eqs.  dry  citric 
17  2  wjs.  of  the  acid  with  1  eq.  of  water  of  crystallisation,  and 
«^.  of  the  hydrated  aconitic  acid.  3  (Cu  lit  On,  3  H  0)  = 
\(Cm  II.  On  ,  3  U  0  +  aq.)  +  Ci.  lis  0.,  3  H  0.  Tliis  is  the 
change  which  takes  place  in  citric  acid  when  heated  to  a 
I  point,  water  being  given  off'. 

^aU  of  Oxide  of  Elhyle,  L'i.  3  Ac  0,  is  an  oily  liquid  of 
O.  1*143.      Dy   alkalies  it  is   converted   into  citrates  and 
With  ammonia  it  yields  citramide  Ci»  Hu  Na  Os ,  which 
ao   citrate  of  ammonia,  minus  0   eqs.  of  water.     With 
dtiio    acid  fields   four  comjiounds,   neutral    and    acid 
liiide*,  oorretponding  to  neutral  and  acid  amides  and  imides, 
un^b,  of  the  latter,  only  citramide  is  known  in  n  state  of 

CtiraU  of  Potash  oocnn  in  three  forms.      Ci,  3  K  0 ;  Ci, 
2K0„.-,  (      KO 


,j  Q  auu  Ci  I  2  H  Q-    All  are   very   soluble  and  crystallise 


,  and  Ci 


ith  difficulty. 

CStratv  of  Soda  also  forms  three  salts.     1.  U,  3  Na  0  +  U 

This  salt  forms  l.nrgc  regular  crystals.     2.  Ci,  2  Na  0,  II  0  j 

bnncd  hy  adding  to  a  miliition   of  the   preceding   salt   half  as 

ch  citric  acid  as  it  already  contains.  It  forms,  by  evaporation, 
lies  of  a  very  pleasant  subacid  taste.  3.  C'i,  Na  0,  2  H  O. 
onned  hy  adding  to  a  solution  of  No.  1,  as  much  citric  acid 
i  it  already  contains.  This  salt  does  not  crystallise  in  water, 
Bt  forms  a  gummy  mass.  A  saturated  uleoholio  solution, 
Bwcver,  deposits  cM-stalline  grains.  Citrntr.  of  Baryta  forms 
»o   Tarieties.     1.  Ci,  3  Ba  O  +  7  aq,  which   falls  when  citrate 

ai  (oda  >■  added  to  chloride  of  barium.    2.  2  Ci  j     w  q    +7 

Iaq.  =  Ci  P  J."  [I  +  CJ,  3  Da  0  -H  7  aq.  This  is  deposited  on 
boliog,  wiien  a  boiling  solution  of  nitrate  of  so<Ia  is  addid  to  a 
IbiliDg  solution  of  chloride  of  barium  and  I'tuc  citi'ic  acid, 
EVtrofo  of  lime  also  yirlds  two  salts.  1.  neutral,  Ci,  3  Ca  0 
R-  4  oq.  fonnod  by  mixing  oliloride  of  calcium  and  citrate  of 
pda.  It  is  insoluble.  2.  basic,  t'l,  3  Ca  0  +  Ca  I)  -f-  aq. 
formed  when    citric   acid   ia  heated  with  execs*  of  lime-water. 


AC05TTTC  ACID. 


The  citiwte  of  lime  formed  from  lemon,  or  cnrrwit-juice,  Vy 
chulk,  is  an  impure  mixture  of  the  baaic  and  neutral  aalU. 
Citratt$  of  lead.  I.  CI,  3  Tb  0  +  aq.  2.  Cj.  2  Pb  0,  H  O  -(-  S 
•q.  3.  basic,  CI,  3  Pb  0  +  3  Pb  0.  4.  also  l>a$ic,  Ci. 
3  Pb  0  +  Pb  0  +  iq.  These  are  all  sparingly  solubU.'  or 
insoluble,  and  are  decomposed  by  wasking.  Citrate  of  copper 
is  basic,  CT,  3  Cu  0  +  Cu_0.  CitraU  of  lilrer  is  a  Inilliant 
white,  insoluble  powder,  t'i,  3  Ag  0  +  &q-  It  lo&t^  its  water 
under  80°.  Citrate  of  antimony  and  potailt  is  a  double  salt, 
Ci,  Sbs  On  +  Ci,  3  K  0  -j-  5  aq.  It  forms  hard,  brilliADt,  white 
prisms,  which  lose  their  water  at  212'. 


< 


ACTIon  OF  aSAT  OH  CimiC  AOTD. 

The  first  effect  of  heat  on  orystaUisvd  citrio  acid  b  to  malt  itt  I 
and  tho  next,  to  expel  the  water  of  cryntallisation.     The  add,  if  I 
now  dissolved,  crystallises  unchanged.     I3ut  if  the  be«t  tie  cun- 1 
tinued,  there  are  given  oiT  gas  and  inflammable  vapoum,  and  the 
residue  is  no  longer  citric  acid  but  hydrated  aoonitic  acid. 

'VNTicn  the   heat  is  increased,   other  products  appear,    parti-  J 
cularly  two  new  acids  :  but  these  are  derived  from  aconilio  acid. 
They  are  ilaconxe  and  citraconic  aeidt. 

Aeoeitio  Add.    Ci>  &•  On  =  Ci>  H>  0>,  S  &  0. 

Stjt.    Equiietie  Acid.     This  acid  occurs  native  in  j<romS»i»l 
napellut  and  in  Hquitttum  JIuviatile.  It  is  formed  by  the  aolmn  ofl 
heat  on  citric  acid,  as  above.     Tu  obtain  it,  oitiic  arid 
till  it  ceases  in  give  ofl'  iaflunroable   vn^ninrs,  and  tli' 
dissolved  in  alcohol,  is  treated  with  hydroolrlorio  ni  I '.   :  . 
causes  the  formation  of  aoouitate  ether.     Theaddii.Mn  . 
oauses    this    to  separate,  and   by  caustic  potash  it  is  i    :>   i'.  i 
into  aoonitate  of  ]iiit«sh.     From  this  acooitatc  of  lead  i    ii'.- 
parcd,   and  this   salt,  dcoompoied   by  sulpbuKtled  hydrogen^ 
yields  the  acid. 

It  forms  indistinct  crj'staU  ;  and  the  acid  t}\us  prepared  baa 
the  same  composition  as  that  from  aconite,  and  that  from 
equisetum.  They  are,  in  fart,  identical,  Tho  aooaitio  acid« 
when  heated,  yields  itaoonic  and  oitracuuic  acids. 

Aconitic  acid,  accordiug  to  Uie  pr«sont  state  of  oar  knowled^;*, 
is  tribanic,  and  forms,  like  citrio  aoid,  three  iieri««  of  ults,  willt 
1,  2,  or  3  eqs.  of  fixed  base,  and  2  or  I  i-q.  of  watfr  in  ihr  two 
first.  Ttie  aronitatcs  ore  not  important,  .^oonitate  of  cthyla  is 
•ui  oily  liquid  of  an  aromatic  smell  and  bitter  toslu. 

When  aoonitic  aoid  {trata  citric  aoid)  is  heated  to  from  320' 
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to  392',  it  boila  and  yields  a  mixture  of  two  ooids ;  itaoonio 
Hid,  trtiioh  ooadnaata  ia  eiystals,  and  citraconio  aoid,  which 
■ppian  as  an  oily  li>|uid.  W  hi'ii  the  distillation  is  rery  raiiid, 
itMooio  aoid  preUo  mi  nates ;  when  it  is  slow,  there  is  more 
cdtnoonic  acid.  Thesu  two  acids  have  both  the  formula  Cto 
|ll,(t,  =  fu,U.  0,,2H0. 

OaevHic  Acid  is  readily  purified  by  solution  in  hot  water,  as 
[it  oryiitullitcs  with  ^^-at  facility^  It  is  soluble  in  water, 
Jtlouhi'l,  and  vUier.  When  heatc-d  it  ia  resolved  iuto  water  and 
titnhydrous  eitraoonio  (U-id.  It  is  a  Libosic  acid,  and  its  furniula 
|i>  ns  above  given.  The  formula  of  its  sult^  ia  Cm  Ht  0« ,  2  M  0. 
It  also    forms   acid   salts,  the   formula   of  which  is  Cio  Un  Oi , 

^Q  I .     The  itoconates  are  not  of  special  interest. 

Citraconic  Acid   is   formed  when  the  preceding  acid  is  dia- 
lled,  and    then    ajipears,  in  the   anhydrous   state,  as  a  limpid 
Jy  liquid.     It  distils  unaltered  at  410%  and  volatilises  slowly 
^t  much   lower   temperatures.      It    attracts  moisture  from   tlie 
.fbrmim;  a  crystalliue  hydrate,  wliich,  when  heated,  is  again 
^   jlred    into  wat^r  »iid   anhydrous   auid.     The  formula  of  the 
lAydrous  acid  is  t'lo  lU  0«  =  Ci :  that  of  the  hydrate,  Cjo  H* 
2  II  (J  =  Ct,  2  II  0.     It   forms,   like   the  preceding,   both 
neutral  and  acid  salts  :  and  produces,  with  oxide  of  silver,  a  neutral 
salt  with  water  of  crystollisutiun ;  an  apparently  anomalous  case. 
Tha  formation  of  these  two  auids  takes  place  as  follows:—!  eq. 
of  Moailic  ncid,  Ch  Ua  On,  yields  I  eq.  itaconic  acid,  and  2  eqs, 
Mrboaio  add,  2  C  Oa .     The  itacouic  acid,  when  formed,  is  par- 
Ir  nsolvcd  into  water  and  anhydrous  citraconio  acid. 
Oottlii'b  has  rcceutly  observed,  Umt   citraconio  acid,  but  not 
lie  acid,  yields  with  nitric  acid  a  now  Liumerio  acid,  meaaconic 
rU,  Cio  lU  On ,  2  II  0  ;  for  it,  as  well  as  the  preceding  acids, 
r,  frura  his  researches,  to  be  bil>asic.     Mesuoonic  acid  forms 
faiautc  ctyatols,  sparingly  soluble  in  water.     lis  production  is 
IoImcutv,  but  only  part  of  the  eitrucouic  acid  undergoes  the  trons- 
vnnatiun  ;  anodiir  port  is  converted  iuto  oxalic  acid,  and  into  a 

mitroeitra4Smic  aeid,  probably  Cio  Sq      |  Os  ,  2  H  0.     The  ita- 

Qonato,  ottra(«nate,  and  mesacouate  of  etiiylo  are  oily  aromatio 
liquids.     Tile  last  has  a  verj'  pliuMint  odour  of  fruits. 

Citraconio  acid,  like  utlier  bibasic  acids,  readily  forms  an  imide, 
eitraconiniidc,  Cio  U,  N  0»=  >f  II  +  Cn,  U.  Oi.  It  also  forms, 
with  great  fncility,  the  corresponding  oouijuund  witli  aniline, 
ettmri/Hanilr,  ('„  X  H,  O4  =  N  Cu  1I»  +  ('10  Hi  0«;  as  Well 
■s  the  ocid  aiiilide,  citracnimnitir  ncid,  Cm  N  IIjo  0»,  II  0. 
Itaconic  acid   forms  th«  auilide,   •iCuco;iii«iVi'</e,  C««  Uu  ^'i  0«:s 
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2  (N  Ci«  IIb  ),  do  Ho  0» ,  analogons  to  the  amiilc.     Tln!  lendrncT  . 
to  form  imides,  nitryles,  »nd  compounds  corn'spondin;;  to  t  b«ne,  I 
with  aniline,  marks  the  bibasio  acid*,  while  the  monob&tic  only  < 
form  amides  and  correipnnding  anilideK.     Mcsnoonio  acid  soemt 
to  form  compounds  like  those  of  citrauonie  acid,  but  Ihi-K  art 
easily  changed  into  the  compounds  of  the  latter,  and  aw  therefor* 
difficult  to  study;  but  the  nurobcraof  amidet  and  anilidea  fortiMd 
by  these  isomeric  acids  is  very  great. 

Mesaconio  nciil,  according'  to  Pebal,  forms  acid  salts  with  le»A, 
silver,  and  barium,  a  sufficient  proof  of  its  bil)asic  tdiaractef.     It 
forms  a  neutral  ether,  2  Ae  0,  C'lo  H«  0, .     According  to  rmmctl 
li|>ic  acid,  uhioh  wo  have  mentdaui^d  as  one  of  the  oxalic  smMl 
of  bibasio  acids,  is  isomeric  with  the»e  three  acids,  and  its  fumiii 
ji  Cio  H«  0»  =  Cio  H.  Oo,  2  H  0  ;  instead  of  Cio  H.  O.  =  Cib  i 
H«  Oo,  2  H  0,     Tlie  mode  of  preparation  of  lipic  acid,  how«T«r,| 
and  its  occurrence  with  so  many  of  the  acids  of  the  oxalic  i 
teries,  are  fjavourable  to  the' latter- mentioned  funnuia. 


9.  Tartaric  Aoid.    C>  B>  Oio,  8  □  0  =  T,  S  Q  0. 

This  acid  occurs  in  tlic  juice  of  the  grape  as  acid  tartiatr  ol 
potash  ;  also  in  many  other  plants.  It  is  prepared  from  tarlnt« 
of  lime,  exactly  as  citric  acid  is  from  citrate  of  lime.  Tartrat*| 
of  lime  is  obtained  by  the  action  of  ohalk  on  aoid  tartr«t«  ol 
potash,  or  cream  of  tartar. 

Tartaric  aoid  cryiitallisoa  in  large  rhombic  prisms,  trancpareni 
and  oolourloBs.     ITicy  are  very  soluble  in  water,  and    have   a 
pteaMint   acid   taste.     When    boiled  with   alcohol,  tartario  ari 
forms  acid  tartrate  of  oxide  of  cthylc.     A  high  temperature  dt 
composes  tartaric  acid,  giving  rise  to  several  new  products. 

An  excess  of  potash,  aided  by  heat,  transforms  it  into  aiwtate 
and  oxalate  of  i>f)ta8h,  C»  H*  0,o  ,   2  H  0  =  C.  H,  O,.  H  0  +., 
2  (C«  Oj ,  H  0).     By  peroxide  of  manganese  and  sulphuric  aoid  i 
is  converted  into  formic  acid,  carbonic  acid,  and  othrr  pmdtirta. 
There  is  some  relation  between  tartaric  and  formio  srid>i-  for 
formic  ocid  be  Ko  O,  (Fo  =  Ci  H),  tartario  o- 

When  finely  powdered  tartario  aoid  is  mix'  ■>  iU 

weight  of  pure  hydrated  nitric  acid,  it  rapidly  dissolves,  and  if 
eciuol  volume  of  oil  of  vitriol  be  added,  the  moss  soon  forms 
jelly  like  starch  jelly.  It  is  placed  between  two  {wrous  brickaj 
under  a  bell  jar,  to  remove  the  greater  part  of  tho  sulphuric  acid  ; 
when  there  is  left  a  light  silky  mass,  forming  in  the  air.  It 
purilied  by  di.«solving  it  in  lukewarm  water,  and  oooliog  t«  JS*, 
when  the  solution  deposits  a  largo  quantity  of  fine  interwori 
silky  needles,  whicli  render  the  whole  semisolid.     This  is 


i 


TARTARIC  ACID. 


315 


•  faand,  when  the  liquid  runs  down,  and  the  crystals,  which 
■ve  ahnuik  icmurkably,  are  dried  by  pressure  in  bibulous  paper, 
bey  are  nitrotortario  acid,  and  appear  to  be  formed  by  the  com- 
ation  of  tartaric  acid  with  nitric  acid. 

I  new  acid  is  very  unstable,  and  when  its  solution  Is  left  to 

If,  or  acted  on  by  aulphurttlcd  hydrogen,  or  made  to  oombine 

ha«ea,  a  new  acid  is  formed,  which  appears  to  be  homologous 

ith  malic  acid.   There  is  tirst  formed  on  acid,  not  yet  analysed,  in 

;e    crystola,    whiob,    when  heated,    yields  another  crystalline 

C«  Hi  0)0.     This  would  be  homologous  with  malic   acid, 

as  we  shall  see,  is  Ct  Ho  Ow     The  salt  of  silver  of  the 

lid  is  Ca  Ha  Ot ,  2  Ag  0,  so  that  it  appears  to  be  bibasiu,  as 

r  acid  is. 

Tartaric  acid  precipitates  lime-water  white,  but  an  exceaa 
diasolves  the  precipitate.  In  solution  of  potash,  if  the  aoid  be 
Added  in  excess,  it  causes  a  crystalline  dejKJsit  of  cream  of  tartar, 
which,  where  the  potash  is  in  very  minute  proportion,  is  rendered 

Biaible  by  the  addition  of  alcohol, 
ario  acid  is  a  bibosio  ocid,  and  forms  two  series  of  salts : 
ral,  I,  2  M  0 ;  2.  ucid,  T,  M  0,  H  0.  It  forms  also  two  kiuds 
bie  salts :  in  one  the  2  eqs.  of  fixed  base  are  different  prot- 
T,  {  _,  Q  ;  in  the  other,  ono  of  the  equivalents  of  fixed 
I  replaced  by  1  eq.  of  a  aesquioiide  ;  ^.  j  m^Q    '    ■'^'* 

ittrr  kind  may  be  considered  basic,  since  the  sesquioxide,  ms 

rt,   nsAiolly  neutralises  as  muoh   aoid   as  3   eqs.  of  protoxide, 

ario  aoid   is    remarkable    for  its   tendency  to   form  double 

U.  _ 

Among  tbe  neutral   tartrates  are,    tartrate  of  ammonia,   T, 

y  Ht    O  +  a  uq.  ;     tarlrdte  of  potnth,    or   soluble   tartar,  T, 

tartrate  of  tudii,  T,  'J  Na  0  +  4  aq. ;   tartrate  of  lime,  T, 

0  +  8  a<|.,  '&c.  &c. 

Among  the  acid  salts  are,  ncid  tartrate  of  ethyh,  or  tartrovinio 

aoid,  T,  Ae  O,  H  O — a  crystallisablc  compouud:    acid  tartrate  of 

potash,  or  tartar,  T,  K  O,  H  t).     This  is  the  principal  comi>ouud 

of  tArtario  aoid.     It  exist*  in  the  juice  of  the  grape,  dissolved  by 

e  aid  of  the  sugar  present,  and  when  that  sugar  is  converted 

to  alcohol,  in  which  the  tartar  is  insoluble,  it  is  deposited  on 

ic  sides  of  the  formenting  casks.   When  purified  it  is  qui1<:  white, 

U  called  orcum  of  tartar.     It  is  much  used  in  medicine  aa  a 

id  mild  luxutiro.     When  oaloined  in  a  ouvered  uruoible  it 

a  mixture  of  carbonate  of  potash  and  charoiiul,  called  black 

flax.     Urnoe  oaibonate  of  potash  is  called  salt  of  tartar.     Like  all 

the  tartrates,  orcam  of  tuurtor,   when  heated,  gives  off  a  very 
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peculiar  smell  of  b<init  vegetable  matter,  peculiar  to  tartaric  tad 
racemic  acids  and  their  salts. 

Among  the  very  numerovu  donble  tortratea  may  be  nra-* 
tioned  the  tartrate  of  pnlath  and  ammottia,  T,  K  O,  N  H»  O: 
the  tartrate  of  jtolath  and  oxide  of  ethijle,  T,  Ae  O,  K  O ;  tartrott 
of  potash  and  horacie  acid,  T,  K  0,  BOi;  thii  is  the  sulable 
creAU  of  tartar  U8ed_as  a  laxative  on  the  continent : — tartrat* 
of  potath  a$\d  soda,  T,  K  0,  Xa  0  +  10  aq.  Thia  is  tli*  »aJt  of 
Boignette  or  liochelle  salt.  It  crystallises  in  very  lar^c  traiu- 
parent  prisma,  and  is  used  a8_a  mild  laxative : — tarlraU  of 
pctath  and  peroride  of  iron;  T,  KO,  FeiO»;  this  is  the  tar^ 
tarised  iron_  of  the  pharmaoopoBiaa ;  tarlralt  of  pototh  Mkf 
antimony^  i',  K  0,  Sbt  0« .  This  is  tartar  emetic,  one  of  tiw 
most  valuable  remedies.  It  must  bo  oonsiiiered  as  a  basic  salt : 
for  Sb,  Oj ,  here  gubstitute<l  for  H  O  or  K  O,  in  short  for  a  prot- 
oxide, requires  for  its  neutralisation  an  additional  equiralent  of 

tartaric  acid.     It  then  yields  the  compound  ST-h/g^  q, 

which  is  neutral,  since  the  bases  oontoin  4  eqs.  of  oxjgco  tat  | 
2  eqs.  of  acid. 

Tartar  emetic  is  formed  when  3  parts  of  oxide  of  antimony  aai  1 

4  of  cream  of  tartar  are  ground  together,  and  made  into  a  thin  creott  j 
with  water,  which  is  heated  to  158",  tUl  a  portion,  tried  a(-{Mir«teIr, 
dissolves  in  15  porta  of  cold  water.  When  this  is  the  case,  6  or  8  i 
parts  of  water  are  added,  and  the  whole  boiled  for  half  an  hour. 
The  liquid,  Altered  white  hot,  deposits,  on  cooling,  crystals  of 
tartar  emetic.  It  forms  white  brilliant  crystals  whidt  soon 
become  opaque.  It  is  soluble  in  14  or  15  parts_of  cold  water  and 
2  ports  of  boiling  water.  The  crystals  are  i ,  K  0,  Sb,  0» ,  -f- 
2a4i. 

Wlien  heated,  the  crystals  first  lose  the  2  eqs.  of  wmttt  of  I 
crystallisation  ;  and  when  the  heat  rises  to  390°,  2  more  i^a.  of  j 
water  ore  given  off,  without  the  acid  being  destroyed.     The  salt  I 

U  then  Cs  H«  Oio  +    |   ^^^q.    That  is  to  say,  2  eqs,  of  oxygen,  | 

from  the  oxide  of  antimony,  have  been  expelled  along  with  3  I 

of  hydrogen  from   the  acid.     It  has  been  already  shown  that  < 

(  1\  O 
tartar  emetic  Cii  H4  Oio  -j-     ■  v^i,    q  ■  contxiins  2  eqs.  of  oxygts 

in  the  bases,  more  than  is  required  for  a  neutral  salt ;  and  it  is 
apparently  tli«se  2  eqs.  of  oxygen  which  are  thus  ezpolled  oa 
water.     If  we  bear  in   mind  that  Sbt  0%  >s  tlie  equivalrnt  of  j 

5  K  0  ;  or  in  other  words,  tliat  6h|  is  equivalent  to  K  or  to  It,  1 
con  then  nee  that  the  tartar  emetic  heated  to  39U*  is  analoguo*  ia  j 
oompoaition  to  neutral  turlratv  of  (>otMb> 
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IWrtrmto  of  potoah  is  .     C>       H<  On  -f  Ki 

TuUa  emetic,  heated  to  S96',  is,  C.    j  ^  Oi.  +  f. 

In  this  point  of  view  tlie  2  Sb  aro  divided,  }  Sb  replacing 
fdrogen  in  the  radical,  and  |  Sb  replacing  potoasiam  in  the 

The  neutral  tartrate  o/pottuli  and  antimony,  2  T,    \  q.  >>  +  7 

(  ODi  Uj 

.,  IS  alwajra  formed  in  the  mother  liquors  of  tartar  emetic.  It 
I  bIbo  formed  when  tartar  emt< tic  is  dissolved  in  tartaric  acid. 

Tartar  emetic  forms  a  double  salt  with  cream  of  tartar,  T, 
1 0,  Sbt  Oj  +3  (T,  K  0,  H  O).     It  oryatdllisea  in  soalea. 

ACTION    0»   HBAT  OS   TAHTARIC  ACID. 

When  tartaric  acid  ia  heated,  it  melts,  and  gives  rise  to  severAl 

rious  Bcid  products,  most  of  which  are  isomeric  with  the  acid. 

at  lirst  formed,  at  350°  V.,  is  metatartaric  acid,  Cs  Ha   On  . 

hen  the  heat  is  continued,  this  clmngts  to  isoUirtaric  aciil, 

H«  Ou  ,     The  former  of  these  acids  in  bibasic,  and  its  salts 

I  those  of  tartaric  avid,  but  are  more  soluble.     The  latter 

I  monobaaio,  so  that  its  neutral  salts  have  the  same  com[K)sition 

••the  acid  tartrates.     The  heat  being  continued,  the  isotartorio 

dd  loses  water  and  forms  the  soluble  anhydroiu  tartaric  acid, 

lit  Oio  ;  and  a  higher  temperature  converts  thiii  last  into  an 

oluUle  modification  uf  the  ouiiydrous  acid.      Lastly,  a  still 

■ter  degree  of  heat  causes  the  formation  ot  pyrotartaric  acid, 

i  H«  0«  ,  and  ot  pyruvic  aciil,  Ca  II*  Os.     The  former  of  these 

lidt  is  bibasic,  the  latter  monobasic.     It  is  unnecessary  to  eut«r 

minute  details  concerning  the  salts  of  these  acids,  but  the 

dcr  will  find  what  is  known  of  thom  in  Gerhardt's  Orgajiic 

ketnistry, 

Wb«u  the  tartrates,  especially  tartrate  of  lime,  are  made  to 

Bdergo  fermentation,  by  contact  with  water  and  a  ferment,  there 

igTBdoally  formed  a  largo  quantity  of  propylic  acid,  Ca  Ua  0*, 

liich  is  found  in  the  residue  as  propylate  of  lime. 

J  I'sFatarlario  or  Itooemio  Acid,  Cs  Ha  Ou  ,  2  aq.  ;=  Ca  Ha  do  , 

|JI  0  +  2  oq. 

Tliis  is  another  isomeric  form  of  tArtorio  odd,  which  oocnra 

DOg  with  it  in  the  juice  of  tlie  gru|>e,  and  as  the  acid  puratattnit« 

potash  is  more  soluble  than  the  bilartruto,  the   former  salt 

lalatcs  in  tlie  niuthcr  liquids  of  cream  of  turtur.     When 

atcd,  thd  ocid  cr\-8tallises  with  2  eqs.  of  water  of  crystnllisa- 

KL,  whuri'us  torturic  avid  orystAlliscs  without  any  water  in  this 

The  (vyitoU  of  poratortaric  acid  lose  their  water  of  crys- 
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tallisation  at  212*,   and  when  further  heated,  yield   the 
products  as  tartaric  acid.     This  acid  is  less  soluble  in  water  I 
tartaric  acid,  so  that,  in  a  solution  of  both,  the  pamtartorio  I 
is  lirst  deposititd. 

The  salts  of  this  acid  are  very  similar  to  thoac  of  tartaric  aod^l 
but  yet  distinct.     Neither  the  ucid  nor  its  salts  have  any  octioa 
on  the  plane  of  iKilarisation. 

Thero  is  stiU  another  isomeric  modification  of  tnrt«Ho  MU«f 
which  is  called  passive  or  inactive  tartaric  acid,  because  it  oUo  1 
no  power  to  cause  the  plane  of  polarisation  to  deviate. 

Now  tartaric  acid  and  its  salts  possess  this  jiower  in  a  big 
degree,  and  it  is  ohietiy  in  tliis,  and  in  the  form  of  the  cry* 
that  the  different  modilioationg  can  be  distinguished  frum 
another. 

Common  tartaric  acid  and  its  salts  form  hemihedral  crystals, 
all  of  which  have  the  faces  developed  on  one  side,  and  ihey  csuso, 
the  plane  of  polarisation  to  deviate  very  strongly  to  the  rJKht 
Ileuce  this  acid  has  been  coiled  deztrotartorio  or  dext 
aoid. 

We  have  seen  that  paratArtario  a«id  has  no  action  on  the  pit 
of  polarisation.     But  when  we  form  the   double  paratartrst« 
Boda  and  ammonia,  large  and  fine  crystals  are  obtained, 
which  are  hcniihcdrul,  and  they  arc  found  to  be  no  longer  p«rm- 
tartratcs  but  tartrates,   for  they  have  a  powerful  action  on  di«J 
plane  of  polariiiation. 

But  the  remarkable  fact  is,  that  these  crystals  arc  of  two  kinds,! 
one  hemihedral  to  the  right,  and  causing  deviatiun  to  (hr  i 
the  other  hemihedral  to  the  left,  and  cau.-<ing   Jr  • 
left.     These  crj-stols   ore  in  all  respects,  but   ti..  i 

but  they  cannot  be  superposed  one  on  the  other ;    being  nyin- 
metrical,  they  are  so  related,  that  if  one  be  held  lieforo  a  mirror,! 
the  image  will  represent  the  otlier  correapondiug. 

Jiow  if  these  crystals  be  separated,  and  tlic  acid  cxlra«t«d  fronj 
eiwh,  it  will  be  found  that  th«  acid  from  the  riglit-baud  crysU 
also  form  right-haud  crystals,  and  that  from  the  left-hand  onMf 
yield  left-hand  crystals,  ^ 

The  former  are  crystals  of  common  or  dextrotartario  acid,  (Ita  j 
latter  are  those  of  left-hand  or  lievolartaric  acid,  wliioh  makes  OM  | 
more  isomerio  form  of  tartaric  aeid. 

We  now  eeu  that,  while  oummou  tartaric  acid  is  dextr^itartario  | 
aeid,  paratartario  acid  is  a  eoropund  of  it  with  an  equal  weight | 
of  Ucvotartaric  acid.  ^Vnd  when  it  is  conrertud  into  the  doubls 
salt  of  soda  and  ammonia,  paratartario  acid  splits  up  into  the  two] 
acids,  dcxtrotartaric  and  hcvotarluric  acids,  each  of  whinh  forms  1 
■awn  double  salt,  th«  one  dextfohemibedral,  the  other  Iwrohtai-I 
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We  see  al«o  how  paratartaric  acid  has  no  action  on  the 

t of  pol&mation.     In  fact,  if  wc  mix  conceutratej  solutions 

utartoxio  and  licvotartaric  acid^,  heat  is  discng;aged,  ami 

iiue  deposit  i»  formed,  which  is  found  to  be  pure  pora- 

"  I  acid. 

ates  have  the  same  formnlm  as  the  tartrates,  and, 
Talready  mentioned,  resemble  thi-m  in  the  highest  degree.  Wc 
not  therefore  repeat  these  formolie,  but  it  may  here  be 
itioavd,  that  tlic  paratartrate$  arc  never  hemihedral,  and  have 
I  aotiun  on  tlie  plane  of  polarisation.  It  is  only  when,  as  in  the 
of  the  double  salt  of  soda  and  ammonia  above  alluded  to,  the 
1  ia  resolved  into  its  constituent  acids,  that  hemihedral  crystaU 
:  obtained,  and  tlie«e  are  no  longer  paratartiates. 
iMelalorlurir  Acid  has  the  aspect  of  a  transparent  gum,  and  is 
ry  deliquescent.  It  forms  salts  which  have  a  difterent  form 
tm  tliat  of  the  corresponding  tartrates,  and  are  uiich  more 
luble.  lu  the  fused  state,  it  causes  u  {>owerful  deviation  tu  the 
tbt,  but  loses  that  property  when  bolidilicd.  It  is  bibusio. 
( JtularUtric  Acid  also  forms  a  tniuspurent  vitrous  moss,  yerv 
luble  and  dtliiiuescfut.  It  a|ipears  to  l>e  monobasic,  so  that  its 
Antral  salts  have  tlio  oomjiositiou  of  thu  Utartrutes,  C«U«Ot, 

M0=  cn»o.oMo  j- 

It  1  r  that  wo  are  indebted  for  our  present  knowledge 

the  airkuble  physical  and  optical   characters  of  the 

ious    luiHliiiciitious    of    tartaric   acid.      Ilia  researches   have 

iiiofl  up  a  new  licld  of  investigation,  for  they  show  in  a  very 
rked  way  the  extent  to  which  tlie  physical  churact<;rs  of  a  com- 

und  may  be  altered  without  any  change  in  its  composition;  a 
Jt  which  Cjtii  only  be  accounted  for  by  some  change  in  the 

•itioQ   or  arrangement  either  of  the  molec\iles  or  of  the  atoms 

rming  these  molecules.  The  acids  of  this  section  may  be  summed 

I  M  follows : — 


Auhj-tlnni*  tarisnc  aciiJ,  eoluble  ^  C>  Hi  Oni. 
Aabjrdroua  tutaric  avid,  iiu>ululle  ^  Ca  U«  Oio. 
ticxtrutiutiuic  luiiil,  Ci  U.  On.  =  C.  U,  Oi.s  2  tl  0. 
LwTuUuUrio  ncitl,  C>  Uo  Uit  =:  C«  Ha  Uii^  '2  U  0. 

I'lui.uii.Mi.-  ud,i,  c.  Uo  On  =  c»  n.  Oin,  2  n  0. 
>i  "id,  c  n«  On  =  c.  n.  Oiu,  2  u  0. 

I'-  <  I,  C*  Q<  Oil  =  Ci  U>  0»,  U  O. 

I  Tartaric  ftod  Ptratartario  aoids  both  form  oomponnds  with  the 

■Jos  of  ctliylc  and  methyle.     Some  of  tbem  an;  neutral,  others 

^d  (then,  corresiioudiiig  to  tliu  Ueutrol  and  uuid  salts  with  tlxcd 
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Tartaric  acid  forms  aUo  two  amides ;  one  neat i 
C»  H»  N»  Os,  which  exhibiu  a  right-hand  and  1. . 
and  the  other  acid,  tartrumio  acid,  Ca   Hr  X  do. 

Pyrotartaric  Acid,  C,o  H«  0»=  Co  H.  0,,  2  H  O.  Thi»  acid, 
which  has  been  already  alluded  to  ns  probably  beiup  one  of  Uit 
oxalio  AmQi  of  bibosic  aoids,  ia  formed  when  tArtario  acid  if 
distilled.  It  is  beat  obtained,  however,  by  distilling  ereoin  of 
tartar.  The  product  consiists  of  an  oily  and  an  aqueooa  liqniiL 
The  latter,  filtered  and  ev:iporatcd,  yields  the  acid  in  crystalliD* 
grain!).  The  operation  is  more  productive,  if  tliv  tartar  or 
tartaric  acid  be  first  mixed  witli  powdered  pumiee-»tf>nc. 

Pyrotartaric  acid  ia  bibasic,  and  ita  salt«  are  Cw  lis  Oa.  2  M  0 

or  Cio  H.  0.^  Jj  I  .  The pyrotortrate of ethyle,  Cio  H.O,,  2  AeO 

ia  an  aromatic  oily  liquid. 

Pyruvic  Acid.  C  II.  0«  =  C.  H,  0,,  n  0.  This  acid  i»  alia 
found  in  the  distillation  of  tartaric  acid  or  of  tartrates  along  vitk 
acetic  acid,  pyrotartaric  acid  and  oily  liquids.  When  pUT«  tlM 
pyruvic  aoid  forms  a  syrup,  which  does  not  crystallise.  It  i»  TWy 
acid  and  also  acrid  and  bitter  ;  it  may  be  distilled,  bnt  >•  par* 
tially  decomposed  in  the  process  so  as  to  become  brown.  It  is 
soluble  in  water,  alcohol,  and  ether.  Its  salts  have  the  formula 
C.  lit  Os,  M  0.  Many  of  tliem  crystallise  well.  It  seems  to  form 
an  acid  salt  with  soda,  which  would  seem  to  indicate  that  tht 
acid  is  bibasic.  The  pyruvates  oommouly  exist  in  two  forms,  OM 
crystalline,  the  other  gummy.  The  orystAlline  form  is  obanged 
into  the  other  by  a  gentle  heat. 
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*.  Malic  Aeid.     C.  Hi  Oi,  2  H  0  =  M,  2  H  0. 

This  aoid  is  of  very  frequent  oconrrence  in  acid  fruita,  tM  ia 
the  apple,  and  especially  in  the  unripe  berries  of  Sorbut  aueupari^ 
or  raouutain-ash.  The  best  method  of  extracting  it  is  to  exprwaa 
these  berries  when  they  begiu  to  turn  red,  and  to  add  to  tlia 
strained  liquid  a  thin  milk  of  lime  so  as  not  entirely  to  uoutraliM 
the  aoid.  On  heating,  neutral  malat«  of  lime  se^taratv!!,  and  it 
removed  by  a  ikimmer.  To  the  mother  liquid  more  milk  of  lime 
is  added  cautiously,  so  as  to  produce  an  additional  quantity  of 
salt.  The  malatc  of  lime  is  washed  with  cold  water,  and  dis- 
solved with  the  aid  of  heat  in  a  mixture  of  1  part  of  nitric  aoid, 
and  10  of  wat«r.  On  cooling,  acid  malate  of  lime  is  deposited 
in  regular  crystals,  whicli  are  almo«t  always  oolourlesa.  They 
are  rendered  quite  pure  by  a  solution  in  hot  wat4-r.  and  cnrstml- 
lisetion.  From  this  salt  by  the  addition  of  aeetjitc  of  IcmI, 
malate  of  lead  is  preoiiatalcd  as  a  curdy  white  aolid,  wkicii(  if 
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liqiii'      "  :i  iiito   sliiniuf;  »ilky  frj-slals.     Tliof, 

are  li  ad,  being  decomposed  bv  salphuretted 

"yield  tim  ocul,  which,  when   cyapoTBted  to  a  svrup, 

gnmulur  ciysUUiue  mass,  deliquescent  in  the  air,  of  a 

but  ntj^eahle  acid  taste.     When  the  crystallised  acid  i« 

for  some  tlTTK-  nt  a  heat  uf  280",  it  melts,  and  the  melted 

gr;i.  A  wiUi  crystals.     Cold  water  remove*  the 

p(<d  i  . .  which,  if  again  heated,  undergoes  the  sane 

till  at  lentclh  all  the  malic  acid  is  converted  into  theie 

)-*lals,  which  are  yuranialeic  or  futnaric  acid. 

If  mulip  acid  be  distilled  by  a  sharp  heat,  a  great  port  paatea 

over  in  the  form   of  a  volatile  urystallisablf  acid,  the  nuiltie  atil, 

Ala  eertiiin  period  of  the  distillation,  if  the  retort  be  removed 

f  ■  •  im  the  tire,  the  boiling  residue  having  become  turbid  and  thick,  it 

lily  Iweomes  qoito  solid,  and  is  found  to  consist  of  fumnrie  acid. 

^ic  acid  is  bibuiiic ;  in  proof  of  which,  it  forms  acid  salt*  with 

.e,  magaiHiio,  and  oxide  of  zinc,  which  monobasic  acids  never 

Thrre  are  two  series  of  malates  :  I.  ntutral,  M,  2  M  O;  i. 

"9,  M  O,  li  0.     Must  of  the  malates  ai«  soluble  in  wat«r, 

not  in  alcohol.     Lime  water  neutralised  by  malic  acid  cou- 

oca  clear,  whether  cold  or  hot,  which  servos  to  distinguish  it 

tartaric,  citric,  raccmio,  and  oxalic  acids. 
Arid  M<Uat«  <if  Ammonia,  Si,  N  H*  0,  H  O,  is  best  formed  by 
'  ::  with  ammonia  one  of  two  equal  portions  of  malio 
.  re|)ared  from  the  crude  malate  of  load  by  diluted 
arii;  ocid),  and  tlicn  lulding  the  other  portion  and  evnpo- 
t(i  a  synip.  On  cooling,  large  and  very  regular  crystals  of 
arc  deposited,  which  are  easily  decolorLsed  by  animal 
This  is  an  excellent  method  of  purifjing  malic  acid, 
len  ft  IS  much  oontamliiated  with  other  substauecs.  Aciii  iiinlatv 
lime,  M,  Ca  0.  H  0  +  <>  aq.,  is  prepared  as  obove  desoribe<]. 
forms  very  rvj^'ular  and  pure  crystals,  soluble  in  their  own 
;ht  of  boiling  water,  bat  requiring  20  parts  of  cold  water, 
bun  malic  ocid  is  saturated  with  chalk,  an  acid  liquid  is 
tained,  which,  when  boiled,  dejiositA  the  neutral  malate  of  lime, 
B.  2  f.'a  O.  The  nmliilf  of  UaJ  Xl,  2  Pb  0  +  6  aq.  is  remarkable 
for  ohonging  when  left  in  the  liquid  in  which  it  has  been  formed, 
Irvim  a  curdy  white  precipitate  to  a  mans  of  line  hilky  needles.  In 
1  '  H»U>r  tliis  salt  melt*  into  a  moss  like  pitch  in  consi^t^•nee. 
molaU  of  copptr,  M,  Ou  0,  II  O  +  2  oq.,  form*  si.teiidid 
urrslals  of  a  tine  cobalt  blue  colour.  I'hr-re  apjiciirs  to  be  a 
miilut4>  nf  roj^ia;  M,  2  Cu  f>  +  t'u  0  +  8  aq.,  which  forms 
crysuU."  JUitlaU  of  titter,  SI,  2  Ag  O,  is  a  whiU;  powder, 
in  boiling  water.  The  other  malates  ore  a&alogoui  to 
and  possess  little  iutorost. 
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MnUimide,  Cg  Ni  HioOi,.  This  substance,  whioh  oooan  in 
osparamis,  and  in  AUIitta  officinalU,  has  been  called  tuparagimt. 
It  is  t'urmed  from  ncutrul  malata  of  ammonia,  as  follows,  C«  iU 
O,,  2  N  H»0  =  2H  0  +  Ca  Nt  HioO».  It  is  best  obtained 
from  vetches  or  pease,  grown  in  the  dark,  or  etiolatod,  by 
evapumting  the  expressed  juice,  when  it  forms  large  tnui(|]areat 
crystals.  When  acted  ou  by  hy]>unitruus  acid,  it  yields  malic  acid, 
thus :  C«  NtHio  0.  +  2  N  0>  =  4  H  0  +  N«  +  (?«  H»  O.,  2  H  0. 
ilnlamiJic  Acid,  CsN  HiOa.  SlfJf.  A$partic  Acid.  TW*  com- 
pound is  formed  along  with  ammonia  when  malamide  it  boiled 
with  potash  or  with  acids.  Its  origin  from  malic  acid  is  idmilai 
to  that  of  all  acid  amides.  Acid  malute  of  ammonia,  losing  2  eqs. 
of  water,  yields  molamidio  acid.  (Cs  H«  Og,  11  0,  X  II,  O)  := 
2  U  0  -I-  C«  N  n?  Os .  This  compound  also  yields  malic  acid, 
when  acted  on  by  hyponitrous  acid.  CsNEiOs+KOa^BO-h 
Ni+C«H.O,.  2  HO. 

A^afcic  Acid,  C,  H,  0. ,  2  H  O  =  ffk,  2  H  0,  is  ptej>ai«d  m 
above  mentioned,  by  distilling  malic  acid.  This  ooid  is  bibasie, 
but  has  the  same  com|Kisition,  in  100  parts,  as  aoonitic,  or  eqoi- 
sotic  acid.  It  forms  crj-btals,  which  are  rery  soluble  in  water, 
alcohol,  and  ether.  When  heated  sharply,  it  yields  wat«r,  asd 
a  white  volatile  solid,  melting  at  134",  and  boiling  at  S50*, 
whiuh  api>ears  to  be  anhydrous  malcio  add.  When  the  hydratcd 
ucid  is  kept  melted  for  some  time,  it  is  olmuged,  exaotly  as  mali« 
acid  is,  into  fumoric  acid.  Ilydrated  miiluio  ucid  has  ptvcisely  tlie 
same  composition  as  anhydrous  malic  acid,  whioh  at  onoe  exploilia 
its  formation. 

When  heated  more  strongly,  maleio  acid  loses  water,  ami  t« 
converted  into  anhydrous  maleio  acid,  CsIliOa. 

'f  hp  general  formula  of  its  salts  islTa,  2  M  0  for  the  neutral, 
und  Ala,  M  O,  II  ()  fur  tlie  acid  moleatcs.  It  forms  an  aeid 
tnaleiite  of  tilrer,  STa,  Ag  O,  H  0. 

Fiimaric  or  ParamaUic  Arid,  C«H,0».  2  H  0  =  Fu^  H  O,  is 
formed  as  above  etated,  by  heating  either  malic  or  maleio  adds  lo 
their  melting-point,  and  keeping  Uicm  melted  for  a  long  time.  It 
occurs  in  FumarUi  n^fficinali*,  and  in  Iceland  moss.  It  forma 
mioaot'Ous  scales  requiring  2(H)  [lorts  of  cold  water  for  solution. 
It  is  soluble  in  alcohol. 

It  is  a  bibasie  acid,  isomeric  with  maleicacid,  and  whioh  stooM 
explains  its  formation  from  malic,  or  from  maleio  acid.  Its  salts 
are  epiirinuly  soluble.  'T\w /umttratr  oj  oxidr  of  eO-n!'-  !•>  i  l>iM  v 
oily  liquid  of  an  aromatic  smrll  of  fruit«.  When  t 
2  Ae  <),  is  aot«d  ou  by  aqua  ammoniie,  it  forms  a  wj...-  .t.-^.,.,..- 
lewder,  which  '\*  fumarumtd4s,  C*n«K>Ot.  This  body  has  all  tlis 
ohiuaclers  of  a  compound  oiuidu. 
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W1>«u  tho  bimolate  of  ammonia  is  heated,  there  is  formed  a 
rick -coloured  powder,  which  Boems  to  he/umarimiile,  ('« lU  N  O4. 
fj  the  actiou  of  boiliiig  hydrochloric  acid,  this  suhstaitoe  ia  ooa- 
led  iiitu  aspartic  acid. 


Malic  acid,  like  tartaric  acid,  exists  in  two  iaomerio,  or  rather 
oUotropio  modifications,  which  agree  in  chemical  characters,  but 
difl«<r  iu  regard  to  polarised  light.  The  active  or  common  malio 
acid,  causes  deTiation  of  the  plane  of  polarisation  to  the  left. 
Ita  salts  cause  deviation,  some  to  the  right,  others  to  the  left, 
The  inactive  malic  add,  or  passive,  as  it  is  also  called,  has  no 
aotion  of  this  kind. 

Halamide,  or  asporagine,  and  molomidic  or  aspartic  acid,  also 
eauae  deviation,  but  with  asparogine,  it  is  to  the  left  when 
dissolved  in  water  or  alkalies,  to  the  right  when  dissolved  in  acids. 
The  aspartic  acid  has  two  aUotropic  forms,  active  and  passive. 
That  fornu<d  from  asparagino  deviates  to  the  left  or  right, 
•ooording  as  it  is  dissolved  in  bases  or  in  acids.  The  iiossivo  acid, 
which  is  formed  by  heating  bimalate  of  ammonia  to  lid'!',  and 
botliag  the  residue  with  hydrochloric  acid,  has  no  action  on  the 
plane  of  polorination. 

VrHiun  malate  of  lime,  maleate  of  lime,  or  asporagine  (malamide) 
are  allowed  to  ferment,  in  contact  with  wat^T  and  yeast,  succinic 
acid  is  formed. 

Frum  malio  acid,  it  is  thus  formed  : — 

Malio  Add.  Baodnlc  Add.  Acetic  Add. 

Z  <C  Uc  Ou>)  s  3  (G.  He  Oi)  +  C.  H.  0.  +  <  0  Oi  +  2  H  0. 

The  other  processes  are  explained  as  easily.  Asporagine  yields 
■tlOodiiat«  of  ammonia  by  taking  up  water  and  hydrogen,  derived 
from  a  portion  that  is  destroyed. 

Aa(«n£iu«,  Succinate  of  AmmoniA. 

0.  B>  Ni  0.  -f  2  H  O  +  H>  =  Ci  U.  0«,  2  M  B<  0. 

The  maleio  acid  probably  first  takes  np  water,  and  is  reconverted 

Bt«  malic  acid,  whicli  thou  ferments. 

Under  certain  circiimstanoos,   the    fermentation  of  malato  of 

Us,  not  only  corboiiio  acid,  but  hydrngcn  gas,  ond  the 

I  lime,  if  kept  in  ooutaut  willi  the  ferment,  also  exhibits 

■  .t.     This  is  due  to  a  dilTi-rent  fermentation,  in  which 

ithvr  malic  or  suooiuio  acid  is  converted  into  butyric  acid. 

Mkll«  Add.  Butyric  Acid. 

a  ;C.  U.  Ou.;  ^  C.  n.  0.  +  8  C  0»  +  H.. 
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Bxincinio  Aei^i     Butyric  Acid. 

3  (C.  U»0,)  =  2  (0.  a.  0.)  4-  8  C  Ot  +01. 

By  this  process,  saooinic  acid  may  be  obtained  in  any  quantity 
from  the  impure  malate  of  lime,  as  it  is  got  by  heating  the  juico  I 
of  the  mountain-oah  berries  with  milk  of  lime :  and  if  required,  , 
batyrie  acid  might  also  be  thus  prooored  in  abundance. 


S.  IVvnnic  Aoid.    Ct<  Hn  Om. 

Bys.  Quereitannic  Acid,  Gallotannic  Aeiii,  Tamin*.  Thit 
acid  occurs  chictly  in  oak-bark  and  in  nut-gallt,  an  oxcreseesM 
on  oak  leaves  caused  by  the  attaclu  of  i 
insect,  which  apparently  pierces  the  le»f  is 
order  tu  deposit  its  e|<ga.  It  lia*  lattly] 
been  slated  tliat  the  tannic  acid  uf  oak- 
bark  diffi-rs  from  that  of  nut-galls, 
docs  not,  like  it,  yield  gnlHc  acid. 

To   obtain    it,    coarsely-powdered    nut' 
galls  ara  acted  on,  in  an  apparatus  of  di«-l 
placement,   by    ether,   free    from   alcohol,^ 
but   saturated   with    water.      When    the 
ether,  after  being  loft  some  time  in  con- 
tact with   the  powder,   is  al]owe<l  \a  drop 
into  the  lower   vessel,    it   separates   iot 
two  strata  of  liquid,  the  lower  of  whia 
is  a  pure  solution  of  tannic  acid  in  watar,1 
which    is  drawn  off  and   dried   ap  kflor 
being  washed  with  cthor.     The  dry  mam 
is  rc-diftgolved  in  water,  and  again  dried  up  in  vacuo. 

Tannic   acid  thus  obtained  is  nearly  white,  ond  not  ot  all  cry»-. 
talline.     It  is  very  soluble  in  water,  and  has  a  most  ostringeofc 
taste  without  bitterness.     It  is  soluble  iu  weak  uluuhol,  but  hardly 
soluble  in  ether.     The  aqueous  solution,  if  ex|iosed  to  tho  tirJL 
absorbs  oxygen,   produces  an  equal  volume  of  carbonic  acid, 
is  converted  into  gallic  and  eUayic  aeitU.     The  addition  of  tl»] 
mineral  acids  to  a  solution  of  tannic  acid,  oausr^        ~    -'  ita 
which  is  composed  of  tannic  acid  and  the  acid  employ  i  rt«,| 

&c.),  and  which  is  very  soluble  in  pure  water,  i  ii'.  ]<rt><jij>it«to 
formed  by  sulphuric  aoid,  in  a  hot  solution,  dissolves  in  hot 
diluted  sulphuric  acid,  and  when  this  solution  has  been  builod  * 
short  time,  it  oonlaiiis  no  tannic  aoid,  tho  whole  being  eonreried 
into  gnljio  aeid  and  grajiv  sugar. 

Taimio  acid  oomliiucs  with  animal  gelatine,  forming  nn  inso- 
lublo  ourdy  precipiute.     K  piece  of  prepared  skin,  introduced 


TANNIC   ACID. 


325 


isolation  of  tanixic  noid,  absorbs  tbe  acid,  and  ia  oonyerted 

kther.     Wliun  beaUd,  tannic  acid  is  converted  into  mota- 

aud  pyrogallic  acids. 

Tannic  acid  and  its  salts  strike  a  deep  blue,  nearly  black  colour 

witb  ptu-solts  of  iron ;    and  it  likewise  causes  a  precipitate  in  the 

Intions  of  most  of  tbe  vegetable  bases. 

Tbe  composition  of  tbe  salts  of  toiinic  acid  is  but  little  known. 

it  of  ammonia  appears  to  contain  1  eq.  of  biute,  wbile  those  of 

»h,  soda,  and  baryta  seem  to  contain  2  eq.,  and  tltosc  of  iron 

It  ad  3  etj.  of  base  fur  tbe  above  formula,  Cm,  &c.     It  is 

siblc  that  tannic  acid  may  be  tribasic,  in  wliich  case  we  may 

three   kinds   of   tannates,    Cm  Hii  Ou,    M  O  ;    Cm  Hw  On, 

M  0  and   Cm  IIiv  0,m,  3  M  0 ;    and  the  acid  it&elf  may  be 

.  Hi>  Oil,  3  U  O.     Tbe  salts  with  1  and  2  eq.  of  fixed  base  may 

'  course  also  be  written  Cm  Hk  Oai,  oho!    '^^  ^**  ^'"  ^*'' 

n  ^  I  ;  bat  all  this  is  stUl  doubtfuL 

Tbe  most  interesting  fact  yet  known  in  the  history  of  tannic 
I  its  resolution — when  its  solution  is  exposed  to  the  air,  or 
I'Xapidly  when  boiled  with  diluted  sulphuric  or  bydroohlorio 
-into  gallic  acid  and  glucose,  or  grB[>e  sugar.     This  trans- 
ioimation  is  easily  explained,  for 


i 


Tumlo  AoM.  0«Ulc  AdiL  Olucoie. 

ti.  Ub  Om  +  8  H  0  =  8  (Cu  H*  0>o)  +  Gil  Hi>  Oit. 

a  kind  of  fermentation,  but  it  is  not  promoted — indeed,  it 
er  to  be  retarded — by  the  addition  of  yeast  or  oilier 
he  infusion  of  nut-gulls  seems  to  contain  some  ferment 
its  in  the  change,  but  that  infusion,  like  a  solution  of 
re  tannic  acid,  absorbs  oxygen,  and  gives  olf  carbonic  acid,  and 
do  not  yet  know  how  these  facts  are  connected  with  the  pro- 
tion  of  gallic  acid  and  glucose,  When,  by  exposure  to  air,  this 
i  hM  taken  I'laoe,  yeast  and  other  ferments  then  cause  the 
ftnuent,   yielding  aloohul  and  carbonic   acid.     Tho 
of  the  equation  above  given  of  tbe  truusforuatious  of 
taonio   acid    is  proved  by  the  pro(Kirtiottft  of  gallic  aoid  and  of 
glneoM)  obtained ;   for  we  get  87  parts  of  goUic  acid  and  U2  of 
^uooM  fh>m  100  of  tannic  acid. 

H>«  Qto*  of  tannic  acid  ore  imjKirtant.  Ill  oak-bark  and  nunaoll 
U  used  in  the  manufacture  of  Ifallier,  which  is  animal  membrane 
gelatiuo  uombiiied  with  tannic  acid.  Mixed  with  salts  of  iron, 
I  tannic  acid  of  uut-^alls  yields  ink.  Pure  tannic  acid,  as  well 
■•  aut-gaUa,  i«  tiMd  iu  medicine  as  a  powerful  astringent. 
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6.  Oalbc  Acid.     Ci.  H.  Oio  =  C  Ha  Oi,  3  H  0. 

ThU  acid  exists  in  the  seeds  of  mango,  and  is  formed  u  alxim 
described  by  the  decomposition  of  tannic  acid.  The  best  method 
is  to  boil  tannic  acid  with  sulphuric  acid  dilated  with  8  part*  of 
water,  or  to  keep  it  near  the  boiling  point  for  some  hours,  rcpla«ing 
the  water  which  evaporates.  The  liquid,  on  evaporation,  yields  s 
large  crop  of  crystals  nearly  pure,  on  cooling.  \Thfn  coloured, 
gallic  acid  is  puriiied  from  colonriog  matter  by  combining  It 
with  oxide  of  lead,  and  decomposing  the  gollate  of  lead,  siupeodMi 
in  water,  by  sulphuretted  hydrogen;  the  sulpboret  of  leftd  act*  as 
•  decolorising  agent. 

Pure  gallic  acid  forms  beautiful  prisma  of  a  silky  lustre,  utd 
a  slight  yellowish  colour,  of  the  formula  Ci,  IIj  0? ,  3  H  f>  -f  2  »q. 
It  is  sparingly  soluble  in  oold  water,  requiring  100  part*,  bat 
dissolves  in  3  parts  of  boiling  water.  Solutions  of  tiie  acid  and 
its  salts  strike  a  black  colour  with  persolts  and  protopcrsaita  of 
iron.  When  exposed  to  the  air,  the  solution  of  gallic  acid  abaorba 
oxygen,  and  becomes  dark-coloured  ;  this  change  u  very  rapid  in 
the  [iresenoe  of  alkalies,  so  that  the  alkaline  gallates,  especially  if 
the  alkali  be  in  excess,  are  rapidly  deoompoaed,  and  become  nearly 
black. 

When  dissolved  in  hot  oil  of  vitriol,  and  prpcipitAt«d  froa 
the  cold  solution  by  water,  gallic  acid  is  oblAined  in  •  pecnliw 
form,  called  rutigallic  acid,  which  is  C>«  IltOs,  that  is,  gmllia 
acid,  mi'riMj  2  II  O.  This  acid  is  a  reddish-brown  crA-stalliaa 
powder,  which  might  be  used  in  dyeing,  as  it  yields  rolour*  on 
cloth  like  those  from  madder.  When  heated  it  forms  a  subli- 
nate  of  fine  red  prisms,  which  coll  to  mind  alizarin*,  tli* 
orystallioe  matter  found  in  madder. 

Uy  tlie  notion  of  heat,  crystallised  gollio  acid  yields,  like  tannic 
acid,  pyrogallio  and  metogallic  acids. 

The  gallntes  are  little  known.  As  in  the  ease  of  other  trilwsie 
aoids  there  are  salts  with  1  eq.,  3  eq,,  or  3  eq.  of  fixed  baae. 
There  arc  also  acid  salts  and  basic  salts;  l>ut  they  are  rrry  ^asabr 
deoomposed  by  the  action  of  the  air.  The  recent  inveMignlioB* 
of  Bijchner,  jun.,  have  shown  tliat  both  tiie  tannat««  and  gallata 
•re  in  some  respects  anomalona,  and  requiro  further  «tnd^. 

When  tiinnia,  or  gallic  acid,  is  heated  by  a  sharp  flrr,  carbonte 
acid,  writtT.  and  fii/roi/iiHir  arid  distil  over,  while  a  dork  solid 
remains  in  the  retort,  which  is  mtt-agnllie  acid. 

Pi/roff'iUic  Acid,  Ci«  lf«  ()• ,  is  best  obtainwl  by  heatioic  th» 
•«ja«oua  extraot  of  galli  in  the  same  way  as  gum  betuiain  is  h««t«d 
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I  yitld  benzoic  acid.     The  crystals  collect  on  the  upper  surfaee  of 

be  paper  diaphroj^m,  quite  pure.   It  furma  shining  scales  of  a  hitt«r 

od  •stringent  taste  ;  fusihle  at  2-iO'',  volatile  at  410".     It  is  oon- 

ertcd  by  a  strongrr  heat  into  metagallic  acid.     It  is  formed  from 

!ic  acid,  by  the  losa  of  2  eq.  curhouic  aoid.     If  acid  at  all,  it  is 

k  ruTj  feeble  aoid,  and  in  an  alkaline  solution  it  absorbs  oxygen 

rrapidly,   so  that  it  may  be  used  for  the  analysis  of  air. 

Jlic  acid  is  also  used  in  phot'trrnphy. 

agaliic  Arid,  Cn  Hs  Oa  ,110?     ("»»  ILi  Os?   is  produced  u 

I  mentioned  from  tannic,  gallic,  and  pyrof;allic  noids.     It  is 

powder,  insoluble  in  watt.^,  soluble  in  alkalies.   Of  its  salts 

lis  known.  It  dili't-ri  from  pyrograllio  acid  only  by  the  elements 

of  water. 

Whfn  an  infnsion  of  nut-galls  has  been  so  long  exposed  to 
the  air,  that,  all  tannic  acid  has  disappeared,  the  gallic  acid  is 
found  mixed  with  an  insoluble,  or  sparingly  soluble  powder, 
^which  is  a  now  ncid,  ellagie  acid.  Its  composition  is,  Cm  H*  Oi« 
4  aq.,  and  when  dried  ot  240-,  C»s  H»  Oi«  =  Ci»  H*  Oi«  ,  2  H  0. 
It  has  not  been  much  studied,  and  we  do  not  know  its  actual 
atomic  weight.  When  heated,  it  yields  greenish  yellow  vaironrs, 
wtiioh  condense  into  crystalH  of  the  same  colour,  insoluble  in 
Lh  water,  alcohol,  or  rthcr;  soluble  in  sulphuric  acid  and  in  alkalies. 
^B  This  acid  is  said  to  occur  in  the  root  of  lormintilla  rulgarit  : 
^ftand  is  also  the  chief  constituent  of  bezoar  stones,  which  are  a 
^fta]>e(<ie«  uf  animal  conoretiuu.  It  seems  to  be  a  bibosio  ncid,  but 
^Mts  salt*  arc  littlv  known. 

^V    Tannic  acid,  and  the  substancea  derived  from  it,  occur  in  a 
Rood   many    plants,    besides  those   of  the   genus  quercut ;  the 
infujiion*>  of  all  of  wbioh  aro  recognised  by  their  striking  a  bluish- 
^tack   witli  ptrsalts  of  iron.     Uut  the  astringent  taste,  and  the 
apcrty  of   tanning,    or   combining   with    animal    golaliue,    are 
nmnd  in  many  plunt«,  such  as  cinchona,  kino,  catechu,  pinus,  &a. 
licBT  are  distiuguisbed  by  giWng,  with  perwilts  of  iron,  either 
dark  grvcn  or  a  grey  colour.     It  has  not  been   proved   that 
tlioy   contain    tannic    acid,    but   Geiger   has   shown   thit   these 
^dilTercnl  colours  may  occur  even  when  the  same  tanning  prin- 
liplti   is  prewnt,   and  tliat   the  green  in   owing,   ot  oil   events 
Bontly,  to  Uie  presence  of  friH)  ocid,  while  the  addition  of 
in   some  casta,  changes  the  green    to  the  obaraotcristio 
iduish-block    due   to   tannic   acid.      There   nre,    however,    some 
<rasons  for  ndmitUiig  more  than  one  tanning  or  astringent  prin- 
'elpl<>,  and  it  in  mpposi'd  by  some  that  there  aro  several  different 
tannic   ncids   homologoiu   witti  each   «th<-r,   which   is  far  from 
improbable.     ITio  whole  subject  requires  invesligntion. 
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Catecbu.     MimotumiD  Acid. 

Wlien  catechu,  tbe  dried  extract  of  mimottt  rafacAii,  is  aetcd  on 
by  cold  water,  it  yivlds  a  soluble  matter  very  umltar  to  tMmko 
acid,  if  nut  identical  witb  it  when  pure.  It  is,  howarrr, 
cuutniuinatcd  by  some  compound  wbich  causes  it  to  reddra 
when  exiH>ac'd  to  air.  It  does  not  appear  to  yield  tlie 
products  wbeu  lieitted,  as  tannic  acid  does;  but  this  is 
lain,  and  muy  be  caused  by  Ibo  presence  of  impuritiei.  BerBetiiis 
proposes  to  call  tbis  tannic  aoid  mimolannic  and,  from  nauam, 
lo  distinguish  it  from  the  ttuiiac  aoid  of  golLs,  which  he  callt 
querritiinnic  acid,  from  qutrcui. 

The  portion  of  catechu  insoluble  in  cold  water  coataint  • 
peculiar  compound,  called  caterhiite  or  taoningeuic  acid.  It  it 
soluble  in  hot  water,  and  when  pure  fomu  a  white  idlky  07*- 
talline  powdi-r,  which  is  said  to  be  cumpoaed  of  Ci>  H«  0<. 
When  he^ited,  it  is  said  to  be  transformed  into  (mimu  ?)  tannic  i 
acid.  By  the  action  uf  caustic  (mtaah  it  yields  a  block  and, 
japonic  ucid,  Cii  Ht  0«,  UO?  Carbonate  of  |iot«iih  oonvertj 
it  into  a  red  acid,  rubinie  acid,  Cu  Il«  Ut  (?)  in  the  knhydrou> 
state.  The  hydratcd  acid  is  said  to  have  tbe  same  cnra|io«itioi) 
OS  japonic  acid,  possibly  therefore  Cis  1I«  0«i'  liut  as  the 
japonic  acid,  on  tbe  same  authority,  Svaubcr^;,  in  combining 
with  silver  forms  a  salt  C,^  Il>  O7  ,  Ag  0,  in  which  2  eqa.  of  the 
acid  have  lost  2  etjs.  of  water  and  gained  only  1  e<j.  of  oxid*  v( 
silver,  it  is  evident  that  our  knowledge  of  these  compounds  is 
very  imperfect. 

Uochleder  has  shown  that  in  oofiee,  tea,  and  other  plant*  0I 1 
the  family  of  the  Rubiacetc,  there  exist*  a  remarkaUa  asfiM  j 
of  acids. 

CaU'eotannic  or  Caffeio  acid,  Ci«  Us  0*  is  found  in  coffee,  and 
has  some  resembluncc  to  tannic  acid.  Viridic  acid,  Cit  Hi  Ot.is 
also  found  in  coUle  and  in  Paraguay  tea.  Uuhcic  acid,  C'i«  Il»(k, 
04«curs  in  tea,  and  is  also  in  some  respects  similar  to  tannic  aoid. 
Now,  all  these  plants  produce  caiToine,  and|  as  will  be  seen  under 
the  head  of  catl'uine,  that  body  oontains  a  group  with  Cu  .  I'bs 
above  acids  s<.>em  to  coulaiu  also  sucli  a  group,  Cu  Ho  Oi,  whirJi 
Coupled  witli  formic  aldehyde,  with  formic  acid,  and  witb  oxalic 
acid,  foims  these  acids. 

On  Hk  0>  -f  Ci  n.  Ot=  Ci.  U.  0, 

c>«  n<  Oi  .(^  o<  n  Oi=  c.  u.  Oi 
Ou  lit  o»  -«-  a      Oa=  Ci>  lu  o> 

i*   worthy   of  mmark    that    calTeine  a|)iH-ark    to    oontau 
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and  methj'lamino,  both  closely  related  to  formic  aoid. 
£g.tuii>  ol'  jilauta  yields  anotlier  series  of  acids,  hitherto 
•tudiml,  with  C"  lis  uud  a  variable  amount  of  oxrgen, 
lit  nut  rt-acmbllng  tannic  acid.  Both  series  readily  lose  2  etis. 
of  oarbon  iu  some  form,  and  iirobably  therefore  coutaia  a  group 
<ritli  C  " .  There  is  a  third  series  of  acida,  with  Cn,  found  in 
tliii  family,  as  citric  acid,  C'uHsUn  ,  3  II  O,  aud  chinovio  aoid, 
<'.<  ii.  Os ,  3  H  0.  Lastly,  tliis  lurgu  and  important  family 
I  it  lis  tMjdies  like  quinine,  cinchoniue,  and  alizarine,  &o.,  wilU 
l^j  rqs.  of  vurbou.  It  uppeurs  that  Itoclilrder  has  modified  the 
aulie  above  given,  aad  now  makes  catfeic  acid,  C'u  II  laOx, 
Mule  (.ivrhordt  pM)|iucies  fur  it  the  formula  Cro  Uu  On*  ,  It  ia 
it«  evident  that  we  moat  wait  for  more  decisive  results. 


7.  Mecooie  Aoiil.     Ou  H  On,  3  H  0  =  Mc,  3  H  0. 

jbasio  acid,  found  only  in  opium,  the  dried  juice  of  papaetr 
wrum.  To  prepare  it,  the  crude  mecouute  of  lime,  obtained 
i  mmnufocture  of  muriate  of  iuur|ihia,  is  mixed  with  20  parts 
Dg  water,  and  3  ports  of  strong  hydrochloric  acid  added  to 
mixture,  whiuh  must  be  removed  from  the  fire,  aud  not  boiled 
'  the  acid  has  been  added.  On  cooling,  acid  meoonatc  of  lime 
d«poaiti'd  in  shining  crystals,  which  are  collected  on  a  cloth 
r,  aqaeexed,  and  treated  a  second  time  with  the  same  quonti- 
I  of  aeid  and  hot  water.  The  strained  aoid  liquid  contains  a 
I  but  variable  proportion  of  sulphate  of  lime,  always  present, 
aometimes  even  to  the  extent  of  |  or  |  in  the  crude  meoonate  of 
Hence  the  advantage  of  using  so  much  hydrochloric  acid, 
also  renders  the  meconio  aoid  less  soluble.  This  time 
pitola  are  meoonic  acid,  still  much  coloured.  They  ore 
.  and  squeezed  as  before,  and  to  make  sure  that  all  lime  ia 
'  third  timu  dissolved  iu  20  parts  of  hot  water  and  2  of 
:  ic  acid.  The  addition  of  the  uuid  not  only  removes  the 
of  lime,  but  causes  the  mcuouio  acid  to  crystallise 
Wtixely  out  of  the  liquid,  it  being  nearly  insoluble  iu 
diluted  acid.  The  crystals,  washed  with  a  little  cold  water,  and 
dried  at  the  ordinary  teroperuturc,  ore  now  pure  from  everything 
but  colouring  mutter,  and  when  heated  to  redness  leave  no 
kidue. 

Til  gt't  rid  of  the  colour,  the  orystwls  are  now  mixed  with  warm 
atcr,  and  caustic  potash  gradually  added,  so  as  nearly,  but  not 
ile,  to  ueutruliitv  the  acid.  As  soon  as  the  point  of  ueutnilitiu- 
Dn  i*  rtntchi  d,  the  reddtnh  colour  changes  to  green,  and  so  much 
•tosh  must  bu  added,  that  any  further  quantity  would  prodnuo 
colour.     The  ^hole  is  Uten  heated  in  the  water  bath, 


mooaric 


i  an  k  ditnlved.  hi* 


fWrrt 


1W»  wliwu  k  cHriai  dtfartiw 
Bqni,  «fcick  k  tmt  ^aik,  iM  iW 
■r  tf  ■!!»  ■irj.  a  lidxd  MtatkB  fai 
,  eiyitttliMtka,  aad  ■^aamuig.  k  Miav-wiale.    IQm 
III— ■»■  flf  flirfi  k  Htm  acted  aa  bj-  pn«  hydfiiU«ii 
^acM.  cMctfy  aa  iinMwi.ailiii1  fa  th«  irnwiatii  wf  liacudtte 
t  iUri  iifwtkM  jkUa  fnfeaiiy  pore  aad  vliite  ■iiiwia  lal 
1  baaatilol  ttlTny  aaalai^ -wUik,  toinawrcaay  tcaasof  tWiiii 
-  tiqnid  adkcciag  to  tkoi,  may  ba  «Dec  man  rtia»}w>l  it 
Ftfc*  malW  piMftU  ^oamitj-  of  k*t  valar,  aToidiag  a  hmt  d 
[sit,  vUchdeeon|naca  the  add ;   tbe  jmm  aaid  k  linpwMtri  cb 
,  M  Me,  3  H  O  +  6  a^ 
MawBM  add,  whew  getly  fceatrf,  Iowa  6  eg.  of  water  o(  mjt- 
It  k  adiAla  u  water  and  i»  alMhsL    WImb  ImM, 
'its  Miiition  Iwjeowaa  eolaamd,  proimdng  watcnia  add|  eutak 
acid,  >od  a  daik  bran  Mloarisf  matter.    If  boiled  villi  byiip- 
ebloric  acid,  it  it  naolvcd  into  eotaane  add  and  eaiboaoe  ttU, 
wiUiuut  the  productioQ  of  ooloariti^  matter.    Wban  the  dty  tdi 
u  heated  to  ZSO',  the  aame  ehange  take*  pUoe.     When  b«id 
with  exoea  of  aqua  potassv,  meomuc  acid  i*  entirely  deoompOHd 
into  oxjdio  acid,  carbonic  acid,  and  a  dark  oolooring  matter.    Ito 
distiofniUhing  characteristic  is  that  of  caosng,  in  penalta  of  tmB, 
a  deep  blood-K<d  colour,  but  no  precipitate. 

It  formi  three  lerica  of  salts,  like  other  trihaaie  meUbt.    Tbw, 

—  t   K  O 

there  are  three  meoonate*  of  {Kitaah:  1.  acid.  Me  }  •noS     1 

(  2  K  O 

neutral,  above    mentioned,  Mu  ]  no    ■'I-     Both  of  thtaa 


Jliae.     3.  tribaxic,  Mc  3  K  0.     Tbii  is  tcUow,  and  dow  nrf 
Lvryftalliie.    There  ore  also  three   meconatea  of  loda;    twa  af 
ilitnc,  acid  nnd  nontrol  or  hih%>ii<,  nnd  two  of  cilver,  bibaate 
fi  Ag  O,  II  O,  nnd  tiibasic  iTL,  3  Ag  O.     The  m<>eonat«  of 
[of  iron  is  very  Roliible.  of  an  intense  blood -red  colour,  bi 
Jit  cannot  be  obtnini'il  pure  or  erj-stnllisod,  itn  eompo«itioa  k 
lAnknown,    Mr.  How  hat  rooentJy  obtained  the  foUowiai;  « 

anada: 

,  Bllwale  maoooal*  of  »mmntii»,  n  O,  2  N  H.  O,  C.  H  On 

1loBnh»«io        diit.1  a  n  o.  N  u.  0,  c>.  n  u.. 

ClouMOoobi  aeiJ     .        .     2  H  U,  0.  Ui  0,  C>.  il  On  aad  (••  alia. 
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hTlomecnoie  ariil 
Kellijifmicoaaic  add 


BHO,  CmH-.  \iOr>-t-  Sni.  »nj  iu  nlu. 
8  H  0,  C.4  H  0.1  +  2  H  0,  C.  H.  0,  C. 

HOi. 
B  0,  S  C<  H>  0,  Cu  H  Oti  udiu  aalto. 


8.  Oomnno  Add.    On  Hi  Oi,  2  H  0  =  Go,  S  H  0. 

hi*  acid  is  formed  m  above  described,  from  meoonio  acid  by 
action  of  heat,  or  of  heat  and  acid  combined.  1  cq.  dried 
aic  acid,  Cu  H  Ou  +  3  11  0  =  Ci»  H.  Ou,  yields  1  e<i. 
lie  acid,  Cii  Hi  On ,  2  H  0,  and  2  eqs,  onrbonio  noid,  2  C  0« . 
be  ncid  iit  readily  obtained  by  boiling  meounatc  of  lime  with  an 
tXMtt  of  diluted  hydrochloric  acid.  It  ia  deposited  on  oooling  in 
cdoored  crystals,  which  may  be  decolorised  by  recrystallisation 
with  the  aid  of  animal  charcoal.  The  pure  acid  has  a  slight 
jrcUow  tinge,  and  is  very  sparingly  soluble  in  cold  water.  When 
bMt««!,  it  is  resolved  into  carboaio  acid,  pijromeeonic  atid,  and 
•  mall  quantity  of  a  third  substance,  paracomenic  acid,  which,  in 
•oiQo  few  points,  di tiers  from  oomeuic  acid,  but  has  tlie  same  oom- 
potitioD,  and  in  many  points  is  so  similar,  that  it  may  possibly 
ttiRi  oat  to  be  essentially  the  siime, 

Comenic  acid  forms  two  series  of  salts,  with  1  and  2  eq.  of 
ftzed  base  respeofivoly.  With  persalts  of  iron  it  forms  a  deep 
red  solution,  which  deposits  black  crystids  of  nnkniro-n  compo- 
sition. Mr.  How  has  also  studied  tliia  acid,  and  obtained  the 
fullowin^  o-i^irapounds,  besides  a  large  number  of  its  salts,  which 
he  has  described ; 

Chloroeoioenie  sdd  2  H  0,  Cit  ^  |  0>  ■)■  3  oq.,  and  its  salU. 

BrDmocomenie  seid  1 'B.  0,  C\t  t,     >  Ot  ■¥  i  aq.,  and  its  salts, 

Klhjplnmmvnic  nd<l  H  O,  C<  H>  0,  Oi^  Hi  Oa,  and  it»  salts, 
Ccmvoamio  »ci'l       H  O,  C-  IT.  N  Oi  ■•■  4  m\.,  tunl  it»  mlta. 


Pi/romeeonic  Actil,  C'lu  Hi  Ua,  11  U,  is  oblnmed  as  a  orystnllino 
■oblimnlc   liy  healing  mecoiiic  or  comenic   nvid.     In   (uct,  1  cq. 
~  'I,  Cit  II«  (Jio,  contains  the  elements  of  1  cq.  pyrome- 

f'lo  II •  On,  and  2  cqs.  carbonic  acid,  2  C  (U.  It  forms 
ry  mluble  four-sided  prisms,  ruthcr  styptic  to  the  taste ;  the 
lution  of  which  fonns  with  jiorsalts  of  iron  a  crystalline  salt  of  a 
i  rtd  oolour,  the  [mwder  of  whioli  is  like  vermilion.  Tiiissoltis 
0»  4-  3  Cio  n.>  0^.  ryromeconio  acid  is  a  fcoblo  acid,  hut 
Mr.  Dniwn  bus  recently  desorilnd  several  of  if-s  »nlts,  an  well  a* 
two  substitution  products,  Irumopyromvconie  and  ioJojii/runiecoHtc 
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acidt.     It  has  the  some  eompositioii  as  pyTomueio  >etd,  W  m 
distiuot  (rom  that  cuiu{)ouiid. 


9.  Einio  Amd.    Ct  H.  0.,  S  H  0 1  or  C.  Bn  On,  H  0 1 

This  very  remarkable   acid  ocoun  in  cinohooa   buk.     It  i 
obtained  in  the  manufacture  of  sulphate  of  quinine,  in  the  fcnti 
of  kinate  of  lime,  from  which  the  lime  is  easily  separated  br  i 
of  oxalic  acid,     The  li(j[uid  tillered  from  the  oxalate  of  lime  }rii;hi|| 
on  evaporation,  the  kinic  acid  in  oryalals.     The  lime  aaj  i 
be  removed  by  sulphuric  acid,  and  any  adhering  aalphat*  of  limj 
Separated  by  alcohol. 

The  Bolta  of  kinic  acid  are  somewhat  anomalous.  Thus  Hmk  I 
a  salt  of  lead,  C;  H«  0«  2  Pb  0,  and  a  suit  of  copper,  Cr  H<  OiJ 
Cu  O,  n  O,  while  the  crystals  of  kinic  acid  art«  CV  H»  0* , 
this  would  lead  to  the  conclusion  that  the  acid  was  a  bibaaio 
Ct  U4  Ot ,  2  H  O.  But  the  kinate  of  lime,  and  the  kinata 
ulvcr,  both  quite  neutral  salts,  are  Cit  Hn  On,  Ca  O,  and  Ci4  Hi 
Oil  ,  Ag  0,  as  if  the  acid  wore  monobasic,  Cit  Hn  On,  fl  0  = 
Ci<  Hit  On.  If  we  assume  the  aoid  to  be  qaadribosio,  wecftn  ' 
bring  all  the  above  salts  into  one  series. 


Thus, — Kioio  acid  would  be 
Kiaatc  of  lead    . 

Eiiiate  of  copper     . 
Kinate  of  lime    . 
Eiaata  of  silver 


Oi.  Hi  0.,  4  H  0 
Ci4  HiUi,  4PbO 
r  S  Ca  O 
lSUO 
[CWO     . 


Ci.  Hi 


CiH. 


0,{\ 


iSIIO 


But  the  objection  to  this  view  is  that,  if  this  be  the  trao  eoaali' 
tutiou  of  the  ucid,  the  nalts  uf  lime  and  silver  ought  to  t>«  Vtty 
aoid,  instead  of  being  quite  neutral. 

According  to  Gerbardt,  kinic  aoid  is  Cu  H«>  Oio,  2  II  O,  and  is 
biboiiic.  There  are  reasons  which  render  this  lurmula  prubalita) 
but  the  subject  requires  investigation. 


I 

I 


fBODvcTs  OP  TOB  Dix.-ouro!iiTios  or  Knnc  acis. 

Wlieu  kinio  acid  or  kinate  of  lime  is  distillod  with 
sulphuric  acid  and  peroxide  of  manganese,  tlierc  is  obtainRl  t 
new  com|H)und  called  kiiiutie,  as  a  subliuiule  of  fine  golden  yoUow 
crystals,  soluble  in  water,  and  very  vulatilo,  having  a  pungvot 
smell  in  the  state  of  vapour,  llieir  coinjiosition  is  C»  H»  0», 
When  acted  on  by  reducing  ageuta,  it  takes  np  2  and  4  uqa.  ( 
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P^cn,  fonoin^  two  new  oompoonda,  green  and  while  hydro- 
mc.     The  grten  fiydrukinane,  Cm  Hio  Os,  is  one  of  the  moat 
Miful  oom))o\inds  known  to  chemists,  forming  long  prisms  of 
Boet  brilliant  gold>green  metallio  lustre,  surpassing  thoso  of 
^ide  in  boiiuty.     It  is  best  funned  by  adding  a  few  drops  of 
■buruus  acid  to  a  solution  of  kinono.      When  an  excess  of 
.  -  ocid  is  used,   the  tchitc  hydtokinaite,   Cm  Ilii  Oa ,  is 
liich  crystallises  in  six-sided  prisms.     When  acted  on 
jjj'     ■:!;   ;'i:fnts,  the  solution  of  wliitv  hydrokinone  becomes 
l-r    ',     I'    ily  black,   and   almost    immediately   deposits   the 
-■  li-  c.f  tlie  green  compound.   The  latter  is  also  formed 
i^'in,-  :,'ihitions  of  kiaone   and  white  hydrokinone, 
U;  ite  in  composition  between  those  bodies.   Woliler, 

|li.  indebted  for  most  of  our  knowledge  in  regard  to 

ke  4ciy  cuiious  compounds,  has  described  a  series  of  bodies 
linrd  from  the  above  by  the  action  of  hydrochloric  acid,  ohlo- 
1,  and  suliihiirttted  hydrogen.  The  following  tabular  view  con- 
is  the  names  and  oumi>osition  of  these  sabstancea,  as  far  as  we 
know  them. 


Kinona 

Orcen  hydrokinooe 

White  hydniikinone 

CUomhjrilnikiiKuu)  , 

Chlorokiaone 

Brown  i.aIpbob;ilrokiiioDa 
Yellow        ditt'i 
Brown  chlurixuljjhokinane 
Onuigo        ditto 


On     H» 

Oi 

C»a       H»o 

0. 

Cu     Uii 

Oi 

««{S:" 

0. 

--{f. 

0. 

Cm      Hi. 

(hSt 

Cu     Hit 

OtS> 

Ou     U. 

CI  0.  S. » 

Cu     Ho 

CIO*  S«l 

iirlll  be  observed,  that  in  all  these  formula)  the  cartton 
bi  lUMltcrod,  and  that  several  arc  instances  of  pure  sub- 
ktn. 


Dn,    0*    Cs>  Hs  0*,    oooipared    with    C»    |  ^|°  Os,   and 


ill  Ok,  com  pan  d  with  Cm    |    ..."'Os.      We    can  also  see 
rrlation    of    the    sulphohydrokinones    to    kinoue    if    we 
nm  tbem  ai  follows :— Cm  H»    |  g'  -|-  3  U  S;   aritt  C«  H. 

'♦-♦.4H8. 

given  the  forranliu  of  tliose  curious  products  according 

,■■ J.     lliit  the  progress  of  organic  chemistry  has  taught  us 

dok  willi  :  IIS  •■  i"U  on  formulu'  with  an  odd  niimbor  of  cq.  of 
Un,   auti   Ot<iliiu'dt,    whose   IbImuts  liavc  aided  so  much  ia 
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determiniag  the  true  formula  of  many  EnbstanoM,  propOM* 
kinic  acid,  as  already  mentioned,  tlie  formula  C««  Un  On  ; 
for  kinonc  Cji  H4  Ot.     Hydrokinime  becomes  Ci»  H<  0»  ;    grMa" 
bydrokJDone,  Cii  lit  0<  +  CnHeOt  =  Cm  Hio  0>.     The  ohloio- 
Idnones,  oooording  to  him,  ore 

Chlorokinoaa    .     Ci>  i  ^.*  0> 

Bichlorokiaone .     Cii  {q^0< 


{^1.0. 


Trichlorokinone     On 

PcTchlorokinoDe  or  ChlciTauile    CiiOUOt. 

The  other  oompounds  oome  to  be  represented  by  eqadly  ampltj 
formula;. 

When  kinio  acid  is  dc^oomposed  by  heat,  it  yields  oarbolic  •ei<l|l 
benzoic  acid,  byduret  of  salioylc,  benzine  (hydurct  of  pheoyls]|| 
carbonic  oeid,  and  water.  Those  changes  are  easily  explained  bfj 
Oerhordt's  formula;  for 

Kiuic  Add.  Ckrbolio  Add. 

Cu  H>i  Ou  =  2  (Cu  Ho  Oi)  -t-  4  C  Oi  +  10  a  0 
sad 
Kiulo  Add.     Hydroklnone.        fieiuoic  Add. 

Cw  Ha  On  =3  Cii  Q«  0>  +  0>.  H.  0.  -C  Ct  0<  +  10  H  0. 

Again,  as  benzoic  acid  and  hyduret  of  salicyl*  we  iaomariOi ' 
hare 

Bcnioic  Add  or  Uyi. 

of  Sklloylo.  Daiual*. 

Ci.  H.  Ot  =  Cit  H<  +  2  C  0,. 

These  considerations  tend  to  render  Gerhardt's  formulM 
probable  than  those  of  Wribler ;    but  for  the  present,  and  unt3 
farther  researches,  we  shall  retain  botli. 

We  have  now  briefly  to  notice  a  few  acids  of  no  gfwt 
imiwrtanec,  which  in  some  respects  »tand  between  the  oily  or  tattj 
acids  and  those  we  have  just  mentioned. 

Camphoric  Acid,  t'lo  Hio  O9  =  Cw  lh»0«,  2  H  0.— This  acid 
is  formed  by  the  action  of  nitric  acid  on  camphor.  It  formi 
crystalline  scales,  iiparini;ly  soluble  in  cold  water,  very  soluUa  n 
alouhol  and  ether,  fu&ible  at  158".  These  arc  the  hydratcd  Mtd, 
which,  if  distilled,  is  resolved  into  water  and  anhydrous  cam{ih< 
acid.  The  camphoratcs  ore  not  peculiarly  interesting.  With  o: 
of  othylc,  cam|ihuric  ucid  funns  two  cum]>ounds:  1.  ueutrBl, 
eamjthorir  tthtr,  C«i  HitOa,  2  Ae  0,  an  oily  litjuid,  of  •  bil 
taste  and   uuunvous  smell.     2.  acid,  Cn  IIuO*,  Ae  O,  U  O, 


Mtd, 

I 


CAMPHOR. 
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I  CMnpboTuuo  Bcid,  aa  it  foTins  double  salts  onalogooa  to  the 

stes. 

irutu  Camphoric  Acid,  Cm  1X14  Oo ,  is  solid,  orystalline 

atile,   and  with  dry  ammouia   forms  a  compound   from 

potash  disengages  no  anunonia :    with  liquid  ammonia  it 

Ik  cMnphoramate  of  ammonia.     Its  action  ou  oxide  of  tifliyle 

not  boen  studied  ;    but  the  subject  dt-serves   investi^tion. 

boric  acid  yitlds  an  acid  amide,   camphamio  acid,  which, 

has  not  been  much  studied. 

I  action  of  sulphuric  acid  on  anhydrous  camphoric  acid, 

U  formed,  witli  disengagement  of  carbonic  oxide,  a  new 

$til/i/iocamphorie  acid,    Cm  Ui«  S>  On   +   4  aq.  =  Cig  Hi« 

)io  ,  2  il  0  +  4  uq.     This  auid   is  crystallisable,   and  forms 

able  salts  of  the  formula  Cis  IIi«  Si  Oio  ,  2  M  0. 


CAJtPBOa. 

^Tbere  are  two  kinds  of  camphor:  that  of  Japan,  or  common 
aphor,   Cao  UiaOi;   and  that  of  Borneo,   C»  Hu  Oi.     The 
ertiea  of  common  camphor,  and  its  peculiar  smell  are  well 
own.     Its  Sp.  G.  is  0'985  to  0-99(J ;  it  is  very  volatile,  evapo- 
rating at  ordinary  temperatures.     Small  frag^uents  of  camphor, 
tho  surface  of  water,  evaporate  more  rapidly,  with  rotatory 
reuenle.     It  dissolyes  in  alcohol,  and  is  precipitated  by  water. 
I  distilled  with  anhydrous  phosphoric  aoid,  it  yields  a  oarbo- 
en,  called  camphogen,  Cm  Uk  . 
,  oamphor  is  passed  iu  vapour  over  a  heated  mixture  of 
I  of  piitosb  and  lime,  it  yields  a  new  acid,  camphulic  acid, 
iHirOt,   U  O.     Nitric  aoid,  with  the  aid  of  beut,  converts 
|>hor  iotu  oanipboric  acid.     The  e»»euce  or  oil  of  camphor  of 
I  is  Ck  liis  0  =  1  o<{.  camphor  miuut  1  eq.  oxygen. 
camphor   occurs    in   small  crj-stolline  fragments.     Its 
is  diflerent  from  that  of  common  compiler.     I  hnd  that,  if 
apped  in   paper,  a   distinctly   olliuoeoiu    odour  traverses   tlie 
r,  and  may  thus  bo  detected.     Ileaa-d  with  pliosphnric  iicid, 
Fjri«Ids  a  rarbobydrogcn,  Cun  Um  :  and  this  is  also  the  comi>o- 
of  the  essence  which  accompanies  nurneo  camphor.     This 
is,  therefore,  Borneo  oamphor,  Ciu  Hm  0»,  minus  2  eqa. 

non  camphor  is    prodnced    by  the  Lauras   Camphora ; 

rtieo  camphor  is  the  produce  of  Dryobalanopi  Camphora,  and  is 
Fhi|;)ily  prized  by  the  Japanese,  aa  a  remedy  for  rheiuuatism, 

kt  it  is  not  found  in  the  inarkols  of  Enroiw. 
lCamf>kui/tn,  Cm  Hit,  is  the  uam«  given  to  tho  otrbohydtogen 
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4 

MB 
[>inpoM>d 

■^ 

-at.—   1.  ^ 


obUined  when  common  camplior  is  distilled  wit?! 
soid.     It  occurs  naturally  in  tlic  oil  of  cumin.    \\ 
Eulpkurio  acid,  it  forms  a  uew  acid,  tulphocampkic  or  hy^ 
camphic  acid,  Ckj  Hi»  S«  Os  ,  H  0. 

When  camphor  is  passed  over  rod-hot  lime,  another  nrxr  com' 
])oand  is  formed,  namely,  rom/tliroM,  Cm  Hh  •*•'  At  b  whii 
heat  camphor  yields    naphthaline,   cnrhiirL!  '  '>cen,    uA 

carbonic  oxide.     2  eqs.  camphor  contaiii  the  i.  -  «  Un  0«) 

of  1  cq.  naphthaline,  Cm  !!»  ;  olcfiant  gas,  2  C«  U« ;  nanli  gu, 
8  C  111 ;  and  carbonic  oxide,  4  C  0. 

(Enanthic  Add.     Ci«  His  0>,  II  O,     This  acid,  iu  oombiaatioa 
with  oxide  of  ethylo,  forming  o^nanthio  ether,  is  fduod  la  «riii«, 
in  the  oil  of  grain  spirit,  and  in  some  other  fermented  licjuon. 
is,  as  a<nanthio  other,  tho  cause  of  that  pceuliur  odour  of  wi 
which  a<lheres  so  rem:trkably  to  vea^ls  in  which  wine  has  bnfl 
kept,  and  enables  us  at  once  to  say  that  an  empty  bottle'  <ir  cask 
)ias  contained  wine.     To  obtain  the  aoid,  the  ether  is  droompotrd 
by  caustic  potash,  and  the  tenonthato  of  jwtash  distilled 
dilute  sulphuric  acid.   The  hydratod  acid  is  semi-solid  like 
and  is,  in  fact,  a  fat  oil,  insoluble  in  water,  soluble  ia 
and  ether. 

Of  its  salts,  the  wnanthate  of  oxide  of  rthijU,  ccnanthic  ethtr,  !■ 
best  known.  It  is  a  colourless  liquid,  of  a  jieouliar  vinous  sbmQ, 
which,  when  strong,  has  a  stupifj-ing  etfict.  When  bydf«t«4 
OEiuanthio  aoid  is  distilled,  it  yields  water,  and  anhydroot  moid, 
more  solid  than  the  hydrate.  <£)nanthic  aoid  contains  1  e^.  «f 
oxygen  less  than  oenautliylic  aoid,  but  its  formula  must  be  ms* 
siderod  as  somewhat  doubtful.  Some  think  that  the  tiiuantlii« 
ether  is  eitlier  ounauthylio  etlicr,  oaprylic  ether,  or  pvlargmio 
ether,  and  consequently  that  the  add  is  either  cBuaaUtytii 
caprylic,  or  pelargonic  acid. 

Rnecellic  Acid,  Cw  II»«  IJ« ,  HO?    This  acid  occurs  i 
tinctoria.     It   is    crystallisabie,    insoluble   in   water,    - 
alcohol  and  ether.     It  lias  most  of  the  properties  of  a  fat  acid,  and 
its  salts  with  the  alkalies  resemble  sonps. 

Eugenic  Acid,  Cv,  IIii  0«P   or  Cw  Hu  0>?     This  acid  t«  fiam 
in  oloves,  along  with  a  neutral  oil,  Cio  Ht ,  or  Cm  lli«.    T)i 
is  separated  by  potash,  and  the  eugiiiio  acid  obtained  by  dii 
tho  salt  of  potash  with  dilate  sulphuric  acid.     It  is  on  oily  1 
of  Sp.  0.  1-079,  having  the  strongest  odour  of  doves.      It  foi 
orystollisable  salts  with  bases,  and  among  thorn  an  acid  salt 
potash,  2  Cio  111!  ()♦  +  K  0  +  II  0  ? 

Cloves,   likewise,    oontnin    two    crystallisable    cotnpoanda 
1.   Carynphyline,  which   forms   yellow  prisms  ;    of   tbe   fuminl 
C«illi«0s,   an   oxide,   therefore,   of  tho   ouutral  oil  of  uluvos. 


lie 

1 

-J      <i 


tnine,  which  forms  yellow  pearly  scale*,  the  compotitiiiQ 

is  Ihe  suiue  aa  that  of  eugenic  acid. 

It  only  romnins  here-  to  mentiuD   the  names  of  n  number  of 

M.'S<Li,  little  known,  or  doulitful,  which  are  found  in  the  vegetihle 

dom.     Such  nre  acliilUic,  atropic,  anacardic,  btbiric,  boletic, 

Dcic,  eanauMlio,  cflr.iiio,  oevadic,  chiuovio,  covognidic,  oolum- 

t,  confic,  cromeric,  cri>tonic,  digitilic,  euphorliic,  fiinKic,  hcderie, 

■uric,  jpcciianip,  Inctueic,  lichenosteiii  io,  menis[)t-rniic,  pnpaverio, 

lie,  polygnlic,  robinic,  ruliaic,  suliiuio,  taniioctic  acids,  and 

It  is  probuble  timt  many  of  them  will  prove  to  be  ideu- 

«ith  aoiue  of  the  better  koown  acids,  and  that  others  nre 

kliirM.      Chelidonio    aiid,    found   by    I^Tch   in  Cfittidoiiiiiin 

)0j'*M,  is  analogous  to  jncconic  acid,  and  is  said  to  be  Cm  H>  Oi> 

^C'u  Hi  Oin,  3H0.     The   formulaj    given   for  several  of  the 

others  nre  doabtful. 


TOLATTLE  OR  ESSENTIAL  OILS. 

These  oils  are  lo  called  because  they  are  obtaiDod  by  distillatiun 
of  Tcgrtables,  g-encrallv  along  with  water,  and  because,  having, 
in  most  eases,  the  concentrated  odour  of  the  plant,  they  are  usually 

llfd  es&cDOes.  Most  of  tVm  exist  ready-formed  in  tlic  plant, 
j^Kicli  oweK  ita  smell  to  them  ;  but  some,  as  oil  of  bitter  almonds 
■ad  oil  of  spira-a,  are  formed  by  a  kind  of  fermcoUition,  excited, 
in  the  eai*"  of  the  former,  us  already  stated,  by  the  contact  of 
s:  .  emulsine,  and  water, 

.  ints,  when  cut,  jii.-ld  balsams,  which  are  mixtures  of 
caamtial  uilx  and  resins.  lu  many  essential  oils  a  crystalliue 
BMtter  i*  depositx^d,  called  a  camphor  or  stearoptene.  They  are 
■II  toloble  in  alcohol.  Many  absorb  oxygen  from  the  air  and 
Iweoine  acid,  as  oil  of  cinnamon.  They  are  violently  acted  on  by 
nitric  acid  and  iodine,  chlorine,  brtimifie,  &o. 

Tli.r  ni.iy  be  divided  into  three  kind*;  Itt,  those  containing 
I  i  and  hydrogen,  as  oil  of  turpentine;  '2nd,  those  eon- 

l.i..M..i,  .....<  iixygen,  as  oil  of  cloves  ;  3rd,  thusa  containing  sulphur, 
••  oil  of  garlic. 

1.  Son-Oxygainttd  EunUial  Oils. 

Aloiost  every  one  of  these  (which  oon»titut«  a  very  numerous 
riua  of  M»),  as  yet  aceunitely  ttiuily"ed,  has  been  fouiiil  to  con- 
t«ln  earbon  and  hydrogen  io  the  pnnmrli'in  Cm  H« ,  or,  what  is 
Ik*  nmn  thing,  Ct  lU ,  or  C«>  Ilia,  'i  he  luUowiug  ore  tho  most 
imf>ortant  :— 

Oil  of  turftrnline,  Cio  lit ,  or  Cio  I{i«,  ii  obtained  by  distilling, 
with  water,  tuqienline,  Uio  juiou  uxuding  from  many  siwcies  of 
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pinui.     Rosin,  resin,  or  eolophonium,  romiiins  in  the  rttort. 
oil  lias  n  ]iccultar  smell,  and  burus  T«itli  a  smokv  tlaui«.     It*  fSf,' 
0.  is  O-SO.     It  boil*  at  312'.     Strong  nitric  acid  sets  ftro  lo  it, 
and  it  is  also  decomposed  with  flume  by  chlurine.     It  dtitHo1v«'«  <{ 
■ulphtir,  phosphorus,  and  fat  oils.      When    exposed   U\  hrdro- 
chloric  acid  gas,  it  combines  with  it,  forming  a  white  cnratalUna  j 
solid  like  camphor,  and  a  liquid  corapoiind.     The  solid  is  Cm  Hi» 
CI  =  Cgo  II\n,  H  CI.    When  healed  with  lime,  it  vichlt  n  pure  oil,  ! 
liaJi/le,  Cfo  Hi».      The  liquid  hydrochlorate,  hc:itod  with  liuci,  I 
yields  another  pure  oil,  firuci/le,  rather  more  volatile  than  dadvlv, 
but  having  the  same  composition.     Oil  of  tuqiL-ntine  would  teem  , 
to  be  corapostd  of  peucyle  and  dadyle,  both  Cw  Hib  ;   the  fiK 
givinpa  liquid,  the  latter  a  solid  compound,  with  liydnjchluriei 

Nilrio  acid,  by  long  builine,  oonvertit  oil  of  turpentiua  iatol 
•tid,  tarpentinic  acid,  Ci«  HeO;,  HO? 

Oil  of  turpentine  is  used  in  nudicine,  internally,  as  a  Termi-i 
fuge,  especially  in  cases  of  the  lar^^r   worms,  such  as  f«KM : 
externally,    as    an    excellent    rubeluoient    and    counter-irritant.  1 
In  the  arts  it  is  much  prized  as  a  solvent  for  resins  in  making  ' 
varnishes. 

Oil  of  juniper  has  the  same  composition  as  oil  of  turpratiM,  ' 
but  pos-es8es  its  own  peculiar  odour,  which  it  commnnioatea  to  j 
alcohol  in  t/in.     This  oil  is  diuretic. 

Oil  of  earin  has  the  same  cvimposition.  It  it  also  diurrlie.  j 
Oil  of  eltmi  \iai  the  same  corapo^ition,  and  a  pleasant  odour.  <W| 
of  tloraj-, or  slyrole,  is a.\er\  rfmarkablcoil.of  the  formula Ci*  H«,| 
and  th'-refore  isomeric  with  cinnamule,  and  probably  identical  j 
with  it.  It  has  a  pleasant  aromatic  smell,  Imils  at  295*,  and  j 
eraporatcs  at  all  temperatures.  When  aeted  on  by  nitrio  oeMl,J 
ohlurme,  or  bromine,  it    yields  substitution    products ;     nitro-l 

Btyrole,  Cu  » 'f«      [,   chlorostyrolc,  Ci«  ^.'   | ,  and  bromoetyn>k<J 

Cu   ,. '  I ;  the  first  is  crystalline ;   the  second  appears  to  k« 

liquid,  but  is  hanlly  known  except  in  combination  with  hyd»o- 

chloric  acid,  as  an  oil,  Ci.  IL.CI1  =  Cio  J?,'  |  +  H  CI.     The  ihini 

is  crystalline,  and  as  it  has  a  very  peculiar  smell,  its  fortnatiM 
is  a  good  test  of  tljo  presence  of  styrole.  A  similar  compound 
is  obtiiinod,  probably  the  same,  by  tiio  action  uf  Uruioiua  oa 
oinnamole. 

Wbrn  Ktyrole  is  heated  in  a  sealed  tube  to  398*,  it  is  qnioUj 
ehant^i-d  into  a  trannpnrent  solid  mass  like  gloss.  Tk*  Mint 
change  Dccnrs,  but  more  slowly,  at  212*,  and  cvvo  at  lower  tMn- 
jteraturca,  and  by  es(>osaru  to  the  sun's  raya.     The  glaaay 
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',  i»  metaityroU,  ■wliioh  ha«  the  samei  oompnsition  in  100  part« 
olc,  but  iti  furniula  U  Ci*  Ur.     It  j'klds  witli  nitric  8oid 

plrometAstjrolc,  C«4  ».*q    |  .   When  heated  it  is  reconverted  into 

lyrolt',  and  distils  over  «»  such.     Styrole  can  never  be  distilled 

rithout  a  part  of  it  changing  into  mttustyxole,  which,  however, 

^  tin."  hfat  be  increased,  parses  over  as  stjTole. 

When  dragon's  hlnod,  a  rueinuus  substance,  is  distilled,  ityieUs 

ro  oiU,  rirorylr  and  ciruconi/le.     The  latter  is  metaat^rolu,  but  it 

I  Dot  st-atod  wlietlier  the  former  be  styrole,  although  this  is  pro- 

kbl«.     There  are  probably  many  oila  of  the  same  series  na  styrole 

nd  inct««tyrole,  that  ia  Cn  k  •  lU. 

Oil  of  Umont  has  the  jirohable  oom)H>9ition,  On  n«.     Like  oil 

taqirntinc  it   is  composed  of  two  isomeric  oils,  ritrene  and 

titrylene.  which  combine  with  bydroohloric  acid,  forming  a  liquid 

nd  a  solid  oompound,  deoonipo»ed  by  heating  with  lime.     The 

olid  camphor  seems  to  be,  do  1I»  CI  =  C'lo  Us ,  H  t'l.     The  oils 

ceiiro,  cedrat,  oranijrs,  and  liincii,  aje  all  esstntiallv  identical 

ritJi  oil  of  lemons,      (hi  of  iieroli,  or  of  orange- fhirrr,  is  quite 

ii»tinot,  ha\ing  llie  odour  of  the  flower,  while  the  others  have 

St  of  the  riud  of  the  fruit.     Its  composition  ia  not  accurately 

Oil  of  cojMira  is  another  isomerio  form  of  oil  of  turpentine, 

rhicb  it  very  much  rc-scnibles,  forinin);  a  camphor  witli  hydro- 

Juric  neid.     It  is  diuretic,  and  much  used  in  afleotions  of  the 

Bf  ami  urethra.     OiU  o/ppji/K-r  and  n/cubcbs  are  still  of  tlie 

I  eoniiMnitiou  in  1()0  parta,  ulthougli  the  latter  is  supposed  to 

■Tu  Hii. 

Wc  buve  already  alluded  to  the  remarkable  homologous  scries 

cnrbohydrogeiis,   of  which   buii/ole,   or   hyduret   of  phcnj'le, 

,;is  II*,  is  the  tyi>e.     One  of  these  occurs  as  a  natural  oil.     Thus, 

bfl  of  cumine  is  a  mixture  of  cuniinolc  or  hyduret  of  cumyle, 

4iOi.a  compound  homologous  with  hyduret  of  bcnxoyle, 

\m   carbohydroKcn,  Cm  IIm,   called   oymene,  or  hyduret  of 

jrlc,  hiimolo;;ous  witli  Wnziile,     This  oarhohydroKcn  liaK  ako 

en  named  hyduret  of  thymylo,  because,  in  the  essential  oil  of 

tiyme,  there  i»  found  a  substanoe,  Cao  Hii  t)j,  or  hydruted  osido 

'  ibvmyle,  which  is  homulotfous  with  hydrated  oxide  of  phiuylo 

oorbolio  acid.     The  ciirlHihydrogen,   toluole,   or  hyduret  of 

plnylc,  Cu  IN,  homolo(o>u»  with  benzole  or  hyduret  of   phcnylo, 

lined  by  difitilliu);  biilHiim  of  tolu,  and  is  also  found  in  the 

!  tor,  and  in  tho  oil  which  separ.ites  from  crude  pyroxylio 

on  the   addition  of  water.      It  is  theri'foiu  a  product  of 

•tractive  distillation,  a<id  is  accompanied  by  it«  homolo^ues,  tho 

I  Cu  Us,  Ci*  llio,  Cu  ILt,  Olid  Cm)  Ilu,  which, as  formerly  ox- 
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plained  under  the  benzoic  series,  are  derived  from  •  eerie*  of  •eid« 
homologous  with  benzoio  acid,  nud  yield  a  series  of  rolatile  boMa, 
lioiuologous  with  aniline,  or  phbnylamino,  besides  nmny  aob- 
f.titulion  products  with  chlorine,  bromine,  iudiue,  or  nitmu 
acid. 

It  haa  recently  been  shown  that  a  very  larpc  number  of  natnnd 
essential  oils  have  the  same  eomi>ositiun  aioil  of  turpentine,  vhile 
yet  mnny  of  tliem  possess  distinct  properties.  C!>il  of  lorptntuie 
itself  is  found  to  exhibit  mnny  isomeric  modificatioDS,  wiiieb 
diUcr  rcmiirkubly  in  density  and  voliitilily ;  one  of  thvni,  for 
example,  isoterebenthene,  boiling  at  3j2°,  while  another,  mrta- 
l4;rebciithene,  boils  at  ahout  693°  F.  IJoth  of  these  forms  have  a 
strong  action  on  polarised  light,  causing  the  plane  of  polarisation 
to  deviate  to  the  left.  These  two  modifications  are  produced  bjr 
the  continued  action  of  beat  on  the  common  oil  in  eloeed 
vessels, 

]!y  contact  with  a  very  small  proportion  of  oil  of  vitriol,  oil  of 
turpentine  is  changed  iutu  certain  mudilications  which  haw  Du 
action  on  polurisinl  light.  One  of  these,  tircbene,  boils  at  320*, 
and  forms  a  liquid  com|wwnd  with  hydroehloric  acid.  Anothvr, 
eolojphene,  which  is  siipposi-d  to  have  the  formula  C-w  IIm,  is  1 
colourless  when  the  light  which  passes  through  it  falls  directly 
on  the  eye,  but  in  other  directions  appears  of  a  deep  indigo-blite, 
and  forms  with  hydrochlorio  acid  a  deep  blue  comjKiund. 

Of  the  dill'erent  sorts  of  commtroial  turpentine,  or  pina  balMm, 
tome  cause  the  plane  of  polarisation  to  deviate  to  tbe  left,  whiW 
the  oil  extracted  from  them  causes  deviation  to  tiie  right.  Othcn 
cuu.ie  deviation  to  tbe  right,  while  the  oil  they  yield  cauaM  dvri- 
ation  to  the  left. 

Oil  of  turpentime  forms,  by  contact  with  water,  and  exposttTBto 
cold,  or  still  belter,  when  4  ports  of  the  oil,  3  of  alcohol,  and  1  of 
nitric  noid  are  left  together  for  a  montli  or  six  weeks,  a  eryitaUiM 
liydmte.  Cm  Hio  +  4  l(  (>  -)-  2  ocj.  This  has  bo<-n  called  Irrpmt. 
It  forms  Inr^e  and  beautiful  crystals,  which  ar«  soluble  in  200 
parts  of  cold  water,  ond  22  parts  of  boiling-water.  It  melts  at 
nl>out218  F.,  and  loses  water.  When  rapidly  heated,  tbe  2  cq. 
of  water  of  crj'slollisation  are  exiwlled,  having  the  dry  bydrtto. 
Cm  IIio,  4  H  O,  which  melts  at  Stia'aad  sublimes  at  4iH>*,  passing 
over  luiobangcd. 


2.    Ozygnuaed  Eiumtial  Oilt. 

The  principal  oils  of  thia  doss  have  ben  already  oonaiderad, 
thoir  radicals  being  known.     Tbeao  are  oil  qf  bitUr  almonds,  or 
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of  Senzoyle;  oil  o/gpinru,  or  Iiycluret  of  solicyle;  oil  ((f 
iwi"»,  or  hyiiurv't  of  ciuuiiiuyle  ;  oil  uf  rlopfs  (eugenic  aciil) ; 
it  of  ciimint,  or  hydarel  of  cumyle  ;  oil  of  aniseed,  tlie  solid  purt 
which  is  Cm  Hi>  0>,  and  wiUi  nitric  acid  yields  an'sio  acid, 
«thcr  ooiupouuds  already  desoriVied  at  p.  lG-1  ;  oil  of  vulerian, 
ly  valeriauic  acid,  ic.  Tlu'  essence  of  vuleriiiu,  according  to 
Gerhardt,  jrenerally  contains  several  compounds,  csiieciallv  if  oliL 
i"Whcn  fresh,  it  contains  no  vulerianio  uoid,  but  an  oil,  i-nltrole, 
vhicli  is  cry&tallisable,  and  soon  passes  into  ralerianio  acid  iu  the 
air.  This  oil  is  Cii  llio  0>,  nud  is  isomeric  with  metaoL-tone,  also 
•with  Kane's  oxide  of  niesilylc,  and  with  oxide  of  allyle  (see  oil  of 
g»r)io,  )i.  34o).  Besides  vaU-role,  tlie  essence  ooutains  a  carbo- 
hydroj5»n,  hnrnirne,  Cio  H»,  identical  with  the  oil  obtainwl  I'rom 
bvrnto  cuuphor ;  and  iinoUy  a  camphor,  which  is  ideutiool  with 
bomeo  camphor. 

Oil  of  cinnamon,   according  t-o  Mulder,  is,  when  quite  fresli, 
'«>  Hu  0«.     It  rapidly  attracts  oxygen,  and  3  (Cao  llu  0«)  -j- 
O4  ^  1    eq.    cinimmio   acid,    1  oq.  resin  alplui,    Cu  JIa  0,  1  cq. 
r«in  h-\&,  Cio  Un  0«,  and  6  eqs.  wat«r,  Ho  0«.     With  hydro- 
id  it  yields  two  diil'erent  resins.  Cm  Hb  O,  and  t'u  H7 
.     1,  other  products.     AVith  oil  of  vitriol  it  yields  twii  inoro 
duns,   C'«j  111!  0«,  and  (-'.v>  Hm  O,  which  lo(;tther  arc  equal  to 
«!»,  of  the  oil  minus  3  eqs.  water.     With  nitrio  acid  the  fresh 
lU  forms  u  crystxllinc  compound,   Ci»  Ho  N  0?  :=  f'i«  lis  0»  + 
0»  +  II  O.    With  water  this  body  yields  hyduiet  of  cinnamyle, 
Cjt  B*  U>.     If  dis-solvcd  in  sulphuric  acid  and  mixed  with  water 
girea   oinnamio   acid,   Ci»  Ur  0>.      Along  with  the  crystals, 
itric  acid  yields  a  red  oil,  which,  with  water,  gives  another  oil, 
u  Hi  U<  . 
Oil  of  anitt,  Cw  Ilit  0>,  yielda  with  bromino  a  compound  in 

.ne  crystals,  C»  ]  j,,*    Oi,     When  actod  on  by  strong  acids,  or 

}>j  tbo  chlorides  of  tin  or  antimony,  oil  of  anise  is  converted 

to  an  isonu'rio  body,  auisoiue,  analogous  to  benzoine. 

0>l  of  ciintine  ooiituins  not  only  hyduret  of  cumyle,  already 

ent4ou(d,  but  the  curbo-liydrogeu,  oymeue.  Cm  Hi*,  homologous 

ith  boditole,  Ci»  Ila.     .\8  benzole  is  liydurot  of  phcuyle,  Cm  Ht, 

I,  so  lymcne  is  hyduret  of  thy  myle,  Ciu  llm,  II.     And  usphenylu 

elds  a  hydratcd  oxide,  Cii  iU  'J,  II  0,  or  Cit  II<i  <>i,  wjiiiji  i« 

carUilio  uuid,  so  thymyle  yields  the  hydrated  oxide  of  thymyle, 

already  mentioned  us  a  homologue  of  uarbolic  ncid,  and  as  oocur- 

ting  in  oil  of  thyme.    There  is  therefcjrc  a  relation  between  the  oil 

,inini:  and  that  of  Uiyme,  and  the  oil  of  Munarda  punctata 

ius  tlw  samii  oxygenated  com|Kiuud,  Cm  I!i<  Oi. 

Tbia  oom{iound,  whvu  autcd  00  by  sulphuvio  aoid  and  pcroxido 
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of  manganese,  yields  a  new  compound,  thrtnoilc,  C»«  Hu  0«, 
vliicli  is  very  it^markable,  as  Wing  liomolojroiui  «ith  kinone. 
Like  kinune,  it  a  yelluw  solid  crystallising  in  scnios,  snd  vulAtll*, 
oud,  when  acted  on  by  reduointc  agents,  tiikc-s  up  hyiirogen,  funning 
a  body.  Cm  HiitO«,  lioniulogoua  with  white  hydrokinonc,  wiiich 
)ias  Wen  called  thymoilule.  It  forms  colourless  eryiitals,  and  whoa 
mixed  in  due  propurlion  with  thymirVlo  «n  intennediatt  compound 
is  formed,  homologous  with  the  green  hyiirokinonc,  which  »pp<>iin 
in  hiilliiiut,  bronze-cohmrc<l  crystals  of  high  metullic  lustre,  tha 
solution  of  which  is  deep  red.  Its  formula  is  C'«>  Hst  Oa  =  Cw 
IIin  O.  +  Cm  Hh  O4 ;  and  it  is  of  course  formed  wUennvrr  tJjjf- 
nioHle  is  only  half  reduced  or  hydrogcnated.  la  short,  in  their 
formation,  chamoters,  luid  comixisitiun,  tliynioVle  and  it*  deriva- 
tives present  a  most  striking  and  beautifM),  though  unexpected 
example  of  the  pnrnllelism  of  homologous  oom]>ounds,  from  their 
perfect  analogy  with  kinone  and  its  derivatives.  The  chief 
difference  lies  in  the  s.tiirling-pt>int,  for  while  kinone  is  fonntid 
from  kinic  acid,  thymoile  is  obtained  fnim  the  hydratt-d  vxHv  of 
thymyle,  a  body  apparently  of  very  different  properties. 

The  Oil  of  carraicny  contains,  along  with  an  oil,  rturttu, 
isomeric  with  oil  of  turpentine,  an  oiygenated  oil,  earvolr,  whioh 
is  Cm  Hh  Oi ,  that  is,  isomeric  with  the  bydrated  oxide  of  thrmyle, 
but  an  entirely  different  substanoe.  It  l>oils  at  IHT  F.,  and  form* 
with  suliihuretted  hydrogen  a  erystuUine  oimi|iouDd.  By  th« 
action  of  c4iustio  potash  or  of  anbyilrous  phosphoric  acid,  it  U  ta 
part  converti  d  into  another  isomerio  moditicatiun,  which  boiU  Bt 
iW  F.,  and  has  a  disagreeable  smell  and  a  very  pcrust<-nt  acrid 
tuate.     It  has  been  called  carcorro/*. 

Of  tlie  renmiuing  oils  of  this  clavs  may  Iw  mentioned  the  o!U  «f 
l/i'W,  offennrl,  nf  jtni tUti,  of  coriandtr,  of  pimjicrnt-l,  uf  prpptr- 
mint  (f'lo  ll>o  O,  or  Cio  lliu  0»;  Uiis  oil  yields  several  Oiw  rvm- 
jKiunds  witli  chlorine),  of  marjuram,  of  larmdrr,  rotmiaiy,  iatH, 
rue  (Cio  Hjo  Oi  ,  or  the  aldehyde  of  ciiprio  arid,  along  with  a  cvbo- 
hydrogi'u},  ranenrilUi,  chiitiiittnilr  (contjiiiiing  an  oil.  <'v,  H«  Oj, 
and  a  carbohydrogrn,  Cio  Hie  ),  utinniriioil,  Ira,  m  •ut- 

tiir;/,   ciijrjiut,   rhoiliuni,   role  (otto  or  attar  of  rof  int, 

mffrtin,  tattofrat,  and  »irrr/  hay{Cia  Hi«  0).  Of  Uicte,  littj* 
Uertain  is  known,  and  almont  all  retiuire  a  cartful  sludr.  Tlie  oil 
of  sassafras,  Cio  H»  0«,  when    cooled,    deposits  V'  .md 

heautifal  crystals,  measuring  li  inch  on  the  nide.    ^^  lae, 

the  solid  essence  yields  crystals,  compoM>d  of  Cio  11  Br.  l»f . 

The  oil  or  e»»encp  of  Srvirn  contra  is  »aid  to  W  Cjs  Hit  0». 

rTliol  of  Artemifia  drartincuhii,  cr  essence  of  rslTagoti,    violdt, 

when  Iroatcd  with  Kulphuric  acid,  anitoint,  identical  with  tk«t  of 

nil  ot  uiiftr,  and  in  fact  contaiui  tL«  aame  ox}  gcofttcd  oil  (« 
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but  it  i«  1 


"■\  along  with  a  different  caibobvdrogeti.     I^iirrnt 

■  ■,a  encncc  ut  estiai^un  a  series  of  new  coni|HiUDds. 

•  "v  T!c     b_v  C«  Hio  0»:  but  Gcrhordt  ha*  shown 

'   liic  oil  vt  Boicc,  and  Lhiit  drooonic  acid 

'  iiiiH  us  aiLuio  acid  and  o&isolc.    TIil-  ucid  is 


i,  1' 


rdonuetc  i-i^enoe  of  the  tonka  bean  ii  called  coumaritu, 

is  T«ry   fragriuit,   nod   its    formula  is  Cis  Us   Oi.      I'otush 

first  into  cumorie  acid,   Cu  II7  0>,   U  O,  and  atter- 

Kolioflio  ai'id  ;  and  but  nitric  acid  couvcru  it  int« 

10    ttoid.     Culd    oitrio  acid   produces  a  wlute   volatile 

line  solid,  Cia   {  v'n    Ot.    Couniaiine  also  combines  with 

tide  of  antimony,  forming  rellour  orystala. 

8.  Suliihtinittd  KutnSial  OUi. 

I  class  of  oils  is  distinguished  by  a  pungent  pocuUar  smell, 
^id  hunting  tiutc,   aa  in   oil   of  mustard,  or  an  iutcuso 
alltaoeou*  odour,  b«  io  nil  uf  gailio  or  of  onions.  The  mur<?  iwport- 
i;it  of  tbcm  have  been  lat«.'ly  investigated,  and  have  yielded  very 
riking  retults, 

DOv  of  mustard  is  prepared  from  mustord-sccd  in  the  some 
I  oil  of  bitter  uluionds  from  that  seed.     The  sce<l  is  mace- 
'  with  water  and  afterwards  distilled,  when  it  yields  an  oil  iif 
,  most  remoikuble  nntun.',  contiiiuing  not  only  sulphur,  but  also 
|itrogrn.     The  part  oil  is  colourless,  of  8p.  O.  1*010,  and  bjils  at 
98"  or  300*.     lu  foriouU  is  C«  !I»  N  S»,  so  that  it  contains  no 
n,  and  it  in,  as  we  sboJl  see,  the  tulphocyanide  of  allyle,  Ca 
JiSi.     With  ammonia  it  forms  a  crystalline  compound, 
1  U,  in  fact,  an   orfj'unic  base  or  alkali,  Thinsiiiniiininc  :=  Cs 
I  }Ti  Si.     This  is  a  hit t^T  coropuuud,  which  forms,  like  nearly 
nic  ba»ca,  et}i>tu11inc  compounds  with  chloride  of  plaiiniini 

kluridu  of  mcrcurj'.     Oerhurdt  re-jards  it  as  siilpliocvaiiido 

faatmoDium,  in  which  1  oq.  of  hydrogen  is  replaced  by  allyle ; 

Tfiintiiinaniinr,  aefod  00  by  dry  oxldo  of  Icai!  or  of  mercury, 
Milpliur,  formini;  a  uiw  b:i»i",  n'linnnnne  ■=  C»  H«  Ns 
N,  8,-2  11  S.     it  is,  therefore,  Thio!.iuHiimiuo,  minua 
sulphurettcl  hydrogen,  wliicli    have  nulod  nil   the  oxide  of 
f'jnuing   water  and  sulphuret  of  lend,     Siiinaminc  forms 
Compounds  with  chlorides  of  mercury  and  plntiuum.     It 
rHOWerful    Ittwi,  and   very   bitter  to  the  taste.      It  may  bo 
rgartlid  as  ammonia.  In  whiol»  2  cq.  of  hydrogen  ore  rephiui'd, 
bj-  allyle,  the  olhtr  by  cyanogen,  N  II,  Ci  Us,  Ci  N. 


tn 


OIL  OF  snrsTAHD. 


Wlicn  oil  of  TOustnrii  is  acted  on  hy  moist  hrdraled  oxide  of 
loud,  it  loses  both  sulphur  and  carbon,  ill  the  jiroportion  C  8», 
forming  sulphuret  of  Icud  and  cnrbouatc  of  Itud,  ulunj;  with  ■ 
new  base,  finaj/oline,  wliich  dissolves  in  hot  wat«r,  in  olonbol, 
and  in  t-ther.  Its  formula  is  Cu  Hn  X>  Oti  and  it  ii  furtuc^i 
from  2  eiis.  oil  of  mustiinl,  with  Ii  ei)s,  oxide  of  lead  and  2  rqt. 
water,  OS  follows :  2  {C->  U»  N  8,)  +  G  Pb  0  +  2  II  O  =  C„  Uu 
Ni  Os  +  4  I'b  S  +  2  (Pb  0,  C  0.).  Tliis  base  may  be  resardtd 
as  dioUyluren ;  that  h,  urea  in  which  2  cqs.  of  l>y<lrugru  u« 
replaced  by  allyle.      Urea  is  C*  Ih  Ni  Oi,  and  diollylurM   'u  ' 

^'2(C«n,)!^*^'-  .  .  1 

AVhun  oil  of  mustard  is  acted  on  by  an  atoqitolio  solution  of 
potash,  it  produces  carbonate  of  potash,  and  two  now  oompooiulli 
the  elements  of  8  oqs.  of  water  being  tukfu  up. 

Thus,  8  iC.  U. N  8, )  =  Ct  H=  N  S. 

-t-  8UU  -f  Ci.  Hi.  Ni&Ot 

+  2C0.. 

The  body  Cs  Hi  N  S«  is  a  compound  of  oil  of  mustard  with  i 
sulphurettt^^d  hydrogen,  and  ifi  a  strong  sulphur  acid,  forming] 
cryslullituble  salts  with  the  metallic  sulphurets.  It  may  b«\ 
represcntid  by  C«  Ha  N  S«,  2  II  S,  and  it*  salts  as  C«  n>  N  S<, 
n  S,  M  S.  Oerhurdt  considers  it  as  sulphocorbonie  acid,  lu  which 
1  eq,  of  hydrogen  is  replaced  by  ullyle.  Hut  Will  has  produced  I 
oni  analysed  many  of  the  sulpho-salts  of  this  acid,  whtubi 
renders  Lis  view  prefonible.  Uu  has  also  shown,  that  by  Ui«  I 
aotion  of  alooholio  solutions  of  the  sulphurcts  of  potassium,  I 
so<lium,  ammonium,  &c.,  saturated  with  sulphureltc<l  hydmgen,  1 
on  oil  of  mustard,  the  whole  of  the  oil  maj'  be  conTertvd  into  tJia  j 
salt  of  the  new  aoid  with  the  sulphuret  of  the  mvt4i]  employed.  | 
In  other  words,  tlie  oil  of  mustard  lakes  up  1  eq.  of  II  S,  And  ' 
I  cq.  uf  metallic  sulphuret.  The  oil  of  mustard  itacdf  also 
combines  with  2  eqs.  uf  several  metallic  sulphurcts. 

The  oil,  Ci>  lii4  Xi  Bt  Oi,  has  not  bevn  fully  ttudied.  It  Ml 
•aid  to  form,  from  2  eqs.  of  it,  losing  1  eq.  of  ammuuin,  another  utl,  I 
Cm  Hm  Xs  St  ()t,  which  resembles  the  essence  of  mustard  in  ttsj 
general  oharaeters,  but  is  not  much  known. 

It  « ill  be  observed,  tliat  all  the  facts  bore  mentioned  iMd  tol 
the  admis>ion  of  the  rndieiil  allyle,  C«  lit,  of  which  tha  oil  <ir| 
essence  of  mustard  is  the  sulpho-eyunide.  Wo  shall  ace  pro*! 
scntly  that  uther  oompuunds  of  allyle  are  known. 

Oil   of    mustard   cmtains    an    inditfcrcnt   uitrogcnisod   body,| 
mi/rofiiif,  which,  analogous  to  cmulsinc,  causes  the  formation  ur) 
the  esseutiol  oil  after  maceration  of  the  seed  with  watrr  and 
fermentation.    The  fermentation  of  myrusinv  is  prevented  is  tbo  j 


OIL   OF   GADLIC. — SINAPINE. 

as  that  of  cniulsine,  namely  liy  coagulation.  The 
leontaiu  u  crystalline  body,  sinajiitine,  resfnihliujf  a  fat. 
•toiice,  which,  along  with  niyrosine,  yields  the  oil, 
•ppean  to  be  mt/roiu'c  acid,  or  rather  mi/rtmitte  of  pulash,  a  body 
not  yet  fully  studied.  The  seeds  uf  SinajiU  iilbn  contain  thu 
tuyrosin^,  us  s\vcet  almonds  contain  cniuUine  ;  but,  being  desti- 
tulo  uf  myronic  acid  or  myrouato  of  pota-^b,  as  sweet  nlmoads 
ftrv  of  »mygdaline,  they  yield  none  of  the  oil. 

It  has  very  recently  boon  shown  by  llubatka  and  Worthcim, 

itiiat  the  essentiol  oils  of    Cuf/ili-ariii  arinoiacin  (hursc-radislt), 

Coch'raria    njffieinalU,    und   AUiaria   offirinalit,    consist   almost 

LMitircly  uf  oil  of  mustard,  although  the  latter  oil  has  also  a  very 

Istroing  fcmcll  of  ui^of  gorlio,  an  oil  which  has  not  been  discovered 

^    If. 

The  euential  oil  qfgarlie,  from  thp  bulbs  of  Allium  natirum,  is 
pcinilioT  eulpburisid  compound.     Werlhcim  baa  lattly  studied 
It,  and  shown  that  it  is  the  sulphuret  of  allyle,  and  its  formula  is 
}C*  lit,  8  =  .\11  S.     The  crude  oil  contains  a  little  of  a  higher 
fulphurvt,  po^ibly  All  S«,  and  also  some  of  the  oxide  of  allyle, 
r«  II»  0  ^  All  O,  which  is  an  oily  liquid  of  on  ott'cnsivc  smell. 
l>e  radical  allyle  it|i|>carH  to  enter  into  numerous  combinations, 
I  among  others,  Wertheim  analysed  the  following :  the  snl- 
et,  or  pure  oil  uf  garlic,  AU  S  ;  tlie  compounds  of  that  sul- 
niret  with  the  sulphurets  of  plutiuum,  pallaiiiura,  and  silver, 
.  All  S  -»-  G  Pt  S.;  2  All  6  +  3  I't  S.;  2  All  S  +  3  1\1  8  ;  and 
'^x  All  S  -f  Ag  S  (?) ;  double  oompoiinds  with  the  sulphurets  and 
chloiidfs  of  mcrourv  and  platinum  ;  3  (.\Jl  8  +  I't  Si)  +  (Ail 
•  a  +  Pt  Cl» ) ;  and  f  AU  S  +  2  Ug  S)  +  (All  CI  +  2  Hg  CI) ;  and 
laatly,  nitnit«  of  the  oxides  of  silver  and  allyle,  (All  0  -f-  Ag  0) 
+  N  Ob  .     <.>ur  space  does  not  permit  as  to  do  more  than  (loint 

»out  the  exi»t«nct-  of  those  curious  coinjiounds. 
The  MSf ntiul  nil  of  aamfntida  ap|iears  t«  consist  of  at  loast  two 
DiU,  one  of  which,  if  not  both,  contains  sulphur.     It  has  a  very 
olIcQsive  odour.     It  does  not  oombino  with  ammonia  like  the  oil 
of  mustard.     Dr.  Douglas  Maclagan  liuds,  as  might  be  expeutcd 
from  the  odour,  thutoncof  the  oils  it  contains  is  sulphuret  of  nllyle. 
The  enscotial  oils  of  /«>//«,  of  waUr-peyper,  and  of  Arum  macu- 
Mwf,  WO  lielicvcd  to  contuin  sulphur. 
he  seeds  of  Sinapii  alba  or  white  mustard  have  been  shown 
|l»y  Itabo  and  iltrscbbrunn  to  contain  a  new  base,  ninupine,  which 
lis  Cat  Ho  N  0\u.     Uy  the  action  of  mineral  alkalies,  it  is  ri'Milved 
kcid,  tinupic  acid,  and  another  new  base,  linkaline. 


Stupln*.  BhisplP  Ml'J.  Slnkallno. 

0»  Uh  K  0.0  4  2  H  0  =  CI  U>i  0.O  -I-  Cw  Uu  N  Oi 


A§AROiat. 

Bina|iinc,  which  exists  in   the  white  ' 
cyanatc,  cannot  be  obtained  puri",  from  .  [lo- 

sition.     Its  siilutiuu  is  yollow.     It  ia  a  ikuidcd  Uum;,  uuU  iu  mIuI 
are  crystallisuble,  vurj'  soluble,  and  ratb(.T  more  stable  tban  UmI 
base   itself.      The   hrdrosiilphucyunate,    which   cxt»ta    ia   wliitel 
lunstard,  may  be  obtuiiied   in  crystals,  which  are  small  ncvdli-t, 
grouped  in  very  voluminous  bund  leu.      This  salt  was  fomierlf 
railed  sinaidne,  and  fiu1|ih(>kinB|iisine,  when   its  compoMtion  was 
)inkiiowu.     lis  solution,  when  boiled  with  alkalies,  yielda  sinijii* 
acid  and  sinkalinc. 

Sinapic  acid  forms  small  prisms,  spurincly  soluble  in  coU 
water  or  cold  alcoliul,  but  vury  soluble  in  boiliu};  alooIioL  It* 
saltji  are  not  very  stable.  , 

Siithiiliiui  is  formed  along  with  sinapic  aoid,  when  tinapioc  «r 
its  hydtusiilphocvanate  is  boiled  with  potash  nr  baryta.      It  hi 
obtained    as    a    cryttuUine    mass,    soluble  in  water.       It  i*  kl 
stronj;  biise,  pn-cipilatiiii;  all  metallic  oxides.     Its  salt*  •rstctyl 
siiluble,  even  delinueftcent.     The  double  chloride  of  pUtinuin  i 
eiuk aline  forms  splendid  orange  crystaU. 

C05CKETK  TOLATTtE  FKINCIPIES  ALLTED  TO  TRB  ESSSXTUC  OfUul 


ThfTC  are  several  substances  whioh  may  be  ela«pf>d  nnd-r  Uib 
head;  suoli  as  Uellenitif,  from  Innlii  lirlenium,  wir  iCfl* 

orystalline  solid,  I'ls  Hio  0«.     With  nitric  acid  ii  _  ■  ifi»» 

halUnine,  Ci>  |  {-'q  Ot.    When  distilled  with  onhydroiw  plm- 

]'hoii(i   acid,  hellenine    loses  2  e<js.  water,  yieldintf  ArJfrii»»«,  • 
carbohydrcigen,   Citlli.     With  ohhirinL'  it  vIiMh  tin-  eiini;>uiuid 

c.  I  [.'("Oi-f-nCl. 

Atarone,  from  Alarum  europirum,  ia  a  volatile  solid,  hanng 
rvmnrkable  tendeney  to  orj'stuUisy  in  beaulifully  detiued  fonntb  I 
and  also  to  pass  into  the  amorphous  e'mditiun,  from  which  itl 
may  be  uifain  bniu^ht  into  the  crystalline  state.  Schmidt  itMI 
studied  its  erysla11i^»ti(>n  under  the  roier>>sco|H-,  and  ha*  obtained] 
results  which  are  most  interesting  in  reforrnee  to  Uie  furmatiaal 
of  crj'stals  in  general.  I  must  refer  to  his  t'lab<irat«  poiHT  ial 
the  "  Anniilen  drr  Chcmie  uud  I'liarmacie,"  for  Fobruory,  1(K1 
It*  oomiM^silion  is  Cso  JI1.1  0>. 

Anrmunine,    fn)in   various    sjioeics  of  Anetnnn*,  ii  •  TulBtili^^ 
ftrysLalliM)bli>  oilid,  the  furmiihi  of  which  is  Ci  lis  (>i.     It  fu) 
with  oxide  of  lead  a  coni|)iiurid,   ;i  (C'»  111  Oi)  +  I'b  ().      'ttntl 
biH's   it   yields    aticmoiiic  aciJ,   the    composition   of    which 
uuknuwa. 


JC. — BESINS. 

iTinciple  of  Spanish  (lies,  i«  a  volntUe, 
■  )f  which  is  do  Ha  (.)*. 

uilrun   rnnilia,    Quntn'a    aiiiiira, 
Ttimfi"  riinala   Auricula,    aud    Primula 

wrw,  wmioin  ootmivtu  vulaiile  esaenoes,  not  yet  analysed. 

Ci.OrTCBOVC,  OK  QVU  EUBTIC. 

bono  is   a  subsUnce  rui  geuerin,  M'hich  in  composition 

tnure  nvurly  to  the  esseutiul  oils  than  to  any  othvr 

iTs*  of  compuundn.     It  is  tlic*  ouagulutvd  or  in^[>is«at(.'d  jiiir43  of 

ny   Irupiwil    trvet,    Uie   chief   of   whicli    is  Siphonia   rlaatica 

ulropAa  elatlica,  Ilerea  puianen^in).    The  jiiioe,  as  it  llowt  from 

I  tree,  is  mode  to  dry  on  moulds  of  clay,  which  are  aflvrwardt 

out,   leaving;  a  buttle   of  caoutchouc.       It  is  gvuvrully 

tf    '  ' "jke,  but  when  pure  it  is  while  and  trausparvut, 

II',  and  the  frcslily  cut  surt'aoes  adhere  strongly  if 

tojiici.  r.     It  ii  in»olul)le  in  wat<T,  ftlcohul,  and  acida : 

;  it  dissolves  in  ether,  naphtha,  coal-tar  ua|>litlm,  bisulphurct 

'  carbon,  and  essential  uiLs.     Its  solutions  in  ether  uud  coal-tor 

phtliu,  whi<n  dritil  up,  leave  the  euoutehouc  in   an  ehistiu  ntatu, 

water-proof  cluth  is  miidc.     Cuoutehouc  it>  luucb 

III  'iprrutiuns  to  form  HeAJhle  Coimeolin^  tubes. 

hi:u  cAp  ■-M.il  to  heat,  caoutchouc  Hrst  melts,  and  then  diitlilt, 

linj;  n  mixture  of  several  oily  liquids,  all  of  which,  as  well  as 

V  M',  are  curbohydrogens.     Some   of  thews  oila 

It  ;    080°,  and  at  iutermediiite  poiuta.     1  fouud 

Olio  highly   reetilled  oil  which   boiled  at  Uti",  niid  had  the 

tpoaition  of  uhttant  gns,  when  acted  on  by   sulplmric  acid, 

•IdL-d  an  oil  which  boiled  at  428',  and  had  tho  xamo  compo- 

ou.     Uut  roost  of  these  oils  have   the  com|ioiiitiou   of   oil  uf 

entine,  Ct  lit  or  CioHs.     One  of  these,  called  aaoulcliiiie, 

l.mlU  ohlvriiic  au  oil,  Cio  lis  -f-  CI. 


(  Bcaino  arc  gciierally  found  nloug  with  osftential  oils,  and  many 
"  tlt«M)  oil«,  by  tho  action  of  tho  nir,  are  converted  into  resin*. 
tliia  changi-,  the  essential  oils  lose  a  port  of  their  hydrogen, 
lueh  u  converted  into  water,  and  lake  up  »oinn  oxygon  besides, 
the  reuns,  as  a  class,  are  acid  bodii-».  They  are  insoluble 
er,  but  becme  soil  in  Iwiling  waU.-r.  They  duiSulvu  ia 
^o1,  and  often  ery»t:>lli»e  from  that  solvent. 
.  Tb<!  acid  rciin*  eomhino  with  bases ;  their  salU  with  the 
coUed  rcsinaos  toaps.    Tho  reidiu  are  not  rulatJle, 
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although  very  inflamtnable.     They  are  purified  from  es»onl 
by  distilling-  off  tl.e  latter  along  witli  watir  ;  but,  us  thu«  obt 
tiey  are  gem-rally  uiLxtures  of  stvernl  resins. 

'l^iryrntine  and  Colophony,  or  Common  R^tin.     TarpentiM 
the  semilluid  juice  which  exudes  from  many  specie*  of  /*m« 
When  distilled  with  water,  it  yields  oil  of  turiientine,  Cw  n» 
C«<iIIsi,  wtiile  colophony  or  resin  remains  behind,  which  is  C« 
H?  0,  or  C«ii  His  O4,  or  more  accurately,  C*o  IIk.  0«.     Ueam 
oil,  C«i  H»j,  has  lost  2  eqs.  liydrogen,  replaced  by  2  e<je.  uxygcn,  ] 
Cto  H>oOs,  and  this  com|>ound,  like  aldehyde,  has  taken  Q|>2«qli 
of  oxygen  to  form  the  acid  resin,  C40  Hw  O4 . 

Colophony  cont-ains  two  different  resins :    resin  alpha,  at 
acid,  and  resin  brta,  or  lylcie  aeitl.     The  lattrr  is  said  to  be  fa 
JlitOi,   the  former  polymeric  with  it,  Cm  Hm  Ot;    and  UmIi 
properties  are  very  similar,  being  those  of  c<dophony  which 
formed  of  them.     The  »ylvio  acid  is  crystallisable. 

When  distilled  with  limo,  colophony  yields  two  oily  liqniil^ 
re»ineone,  Cm  Hm  O,  and  reainone.  Cm  H»  O. 

The  re$in  ofcupaira  is  C«  IIm  Oi ,  according  to  Rose  ;  butthn* 
is  some  reawn  to  believe  that  it  is  isomeric  with  the  pTvc«diaf. 
A  varietj-  of  it  has  occurred,  contuiuing  C«o  Hm  0»,  and 
oombine<l  with  oxide  of  lend,  C*j  Hm  0«.     This  resin  crysti 

The  resin  of  tlemi  contaim  two  resins,  one  onrstallisable. 
are  said  to  bo  Cm  Hia  Oi.  Anime  also  contains  two 
Etiphurbium  yields  a  resin  having  the  same  com{iositioQ  as 
Urtiznin  contains,  besides  benzoic  acid  and  a  volatile  oil, 
resins,  alpha,  C»oII»tOn;  6f<o,  Cm  Hu  0« ;  and  gumma, 
Hk  <J>  .  The  re»in  olpha  contains  the  sum  of  the  otiier  two, 
and  by  long  boiliug  with  carbonate  of  sodn,  which  dinsulrcf  tin 
recin  gumuiu  alone,  is  resolved  into  them. 

BaUam  of   Tolu  contains,  besides  ciu«ntial  oil,  betuoie  u4| 
oinnamio  acids,  and  a  carbobydrogcn,  C»  lIi*,  a  resiu,  Cu  JIio  U*^ 
It   contains   the   elements  of   beuxuiu   ether,  plus  1  eq.  oxTg 
When  the  balsam  is  distilled,  per  »e,  it  actually  yields  bvnxoi 
ether,  along  with  a  new  carbohydrogtn,  called  bonzu£neor  totm 
Ci4  Hs,  homologous  with  benzoic,  Cii  Uo.     This  lost  eoiB|i««ii4i 

yields  with  sulpburio  acid  a  new  acid,  Cu  Ur  St  Ot  -f-  3  UO] 

tu 

ooUed  nitrotoluoU,  analogoaa  to  nitrobenxole,  and  anothw,  ^llij 
trotflluole,  Ci«  1I»  +  2  N  0».    Tho  former  is  isomeric  with  1 
laiuide,  and  with  anthranilio  acid,  and,  like  tho  latter  body^^ 
healed  with  lime,  yields  aniline.     AN'hea   acted   on   by  hy 
(ulphurvt  of  ammonia,  it  yieldn  another  arlillcial  baw,  tolnidiaei' 
With  chlorine,  tvloolo  also  yields  several  new  product*.    BabsH 
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hac  alreoidT  beca  mwitimw^  mkac  wttk  bbubb  ot  Tola, 
l«r  oaaaMiyk. 

AyrwiM.  thcrMtnef  ityTax,  mCm  HuOii(?)  WWaaatadta 
by  ttttrie  Mid,  it  yields  Um  prodaets  of  <<f«w|imiticM  •(  oiaaaut 
Mid.  IVlMa  And  •tons  i*  diilillBd  «itfa  VBter,  it  yieUs  • 
rtTT ■*•*"»  oil,  lUfraU,  Cu  H«,  wkicb  bao  heaa  alnadjr  dcaefibed 
■tacax. 

liquid  alotax  ti  distilled  aitk  earbwiit*  of  soda,  itjrale 

0?er,  and  in  tlic  reaidee  is  fimad  wawiila  of  soda  aad  a 

kUioe  body,  ttyrweimt.    TIh  aaeancBoo  of  (linnswie  acid 

■loag  with  styrole  in  storax,  b  a  stiong  ailment  in  favour  of 

tb*  identity  of  styrole  and  ftnnamole.     Strncine  is  Cm  Hi*  0*, 

aad  is  ■  eompound  of  cinnamie  aoid,  Ci«  Hi  Os ,  with  tlie  body 

lit  0,  tlie  oxide  of  a  tadioal,  which  may  be  called  tfyryllr, 

H»,  in  which  the  mxbon  is  to  the  hydrogen,  as  in  beuzoJe, 

H«,  strrale,  Cm  Hj,  and  metastrrole,  Ci«  Hi,  or  as  2  to  1. 

heo  ctyraeine  is  heated  with  sulution  of  potash,  cinzuimate  of 

ii  left,  and  therv  distils  over  the  kyiraUd  ojride  of  styiylt, 

H*  0,  H  0  =  Cm  Hio  Os ,  whioh  is  a  true  alcohol  of  the 

•eries,  l>eariug  to  hydmted  cianamio  aoid,  Cis  Us  U*, 

relation   a*  aloohol   does   to  occtio  acid.     It  will   be 

that  balsam  of  IVru  yields  a  compound,  cinnameine, 

aaaioKouB  to  stynioine,  containing  ciunomic  ncid  combined  with 

oxido  of  another  radical,  Cia  Hu,  and  yk-ldiug  an  aloohol, 

Hii  Oi.     It  is   prubable  that  we  shall  hi-reafter  find  all  the 

the  benzoic  and  cinnamie  st^'ries  to  form  such  oxides  or 

and  hydnit<:d  oxides  or  alcotioU. 

hydrated  oxide  of  styryle,  called  also  atyrone,  exists  in  two 

fiMtns,  as  an  oil  and  in  a  crj-stalline  form,  of  thu  same  compoai- 

tt.    Stynioine,  the  cinnaraate  of  oxide  uf  styryli-,  exhibits  also 

isomeric    or    allotro|iio    moditicationa.      Styronc   is  easily 

axidiscd  into  oinnamic  acid,  as  aloohol  is  into  acetic  acid. 


kIkOt  -»-0<=0< H.0<  +  Zao ; and  C><  BioOi  -I-  0.=Cii  HiO.  +2Q0 

Acetic  Acid.  Styrouo.  Ctniuimie  Add. 


Thf  rrtin  of  guaiacum  is  rfmarknble  for  itn  t«'ndency  to  booome 

ae  by  tho  <>»ntaol  of  tnuny  dilli  rtnl  nubstuneos.  It  containa 
*»  resins,  but  their  composition  is  not  a«certaiued.     Imc  contains 

ar  resins,  ttesidc  colouring  mntlor.  Dammura,  miiftic,  drugaiC* 
J,  and  tanJnrac/i,  arc  resins  rouoli  u^c'd  in  milking  vornixhea. 

Jalap  Contains  two  resins:  one,  a  soft  resin  solubU-  in  vtliur, 
III  list  Oi«  ;    and   an  add  resin  insoluble  in  ether,  whirh,  from 

iking  a  lino  red  colour  with  bulphuric  acid,  is  called  rhodcorctine, 
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C»9  Hsis  Ojo.      When   combined  with   bases,   it  takes   up   1  eq, 
water,  forming  /ii/ilrorhoileoretine,  very  similar  to  rhiHle<irt!tiog, 
but  soluble  in  water,  C41  Hm  Oh.     'When  rhu<l<.-orctiQe  is  Mitd 
on  by  hydrochloric  acid,  it  is  resolved  into  cmpc  'ir/^r,   Ci»  Hi 
Oil.  and  an  oily  liquid  rhwleoretinnU,  C»o  H  14  rvaetiui 

places  rhodcori'tiiie   near   to  salioine   nod  \"  .On  llicj 

other  hnnd,  if  we  com|mre  7  eijs.   of  starch,   ?  (i.'it  U>a  Ojo  )  =3 
Cm  Hto  Oju  with  2  cqs.   rhodeorrtinc,  2  (C.»   Hu  f>io)  =  Cm  Hi 
Ow,  we  can  see  how  tliis  resin  may  be  furmcd  from  starch,  &(•* 
by  deoxidution.  Hliul>arb  contains  3  resins,  ttporcline,j>l-"  ..r,f,«/, 
and  erylliroretinf.     The  two  fifKt  are  both  Ci<i  H»  Oi ;  i 
Ci»  Ua  O7.      Tlicy   arc    accuiupauicd    by  an   inteniu  I,i     ......4 

crystallisahlc  acid,  chrrsoplianic  acid,  Cio  n>  0>  or  Cw  (In  Oib' 
Tills  latter  substance  is  also  found  in  liuliens,  such  a*  Parvulit 
parietina,    Sijvamaria   elei/ans,    &o.      dtfiul,    which   of   all 
resins  is  the  most  insoluble,  is  said  to  coulAia  iirv  reMQs.     CoptI 
varnish  is  made  by  adding  hot  oil  of  turpentine  to  oopal  fused  At  t 
gentle  heat. 

Turf  or  peat  contains  several  resinous  bodies,  examined 
Mulder.     In  the  turf  of  Friesland  he  found  4  resins ;    alfu 
C»   Hw   Go;     beta,    C?7    Uht    0»;     yiimma,    Ciu4    il**  0»; 
delta,   Cm    Ilm   Op.      A   lighter  kind    of    turf    from    ■M'"*^'*'' 
locality  yielded  two  resins;    alpha,   Cu  Has  0>;    and  gummA, 
Cm  Hm  da . 

Resinous  varnishes  are  made  by  dissolving  resins  in  oil 
turpentine  and  other  essintiol  oils;    or  in  drying   oils,     :^pinl 
varnishes  are  niadc  by  dissolving  renins  in  very  strong  aicoLuL 
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When  resins  arc  distilled  in  close  vessels,  thoy  yield  • 
deal  of  gas  of  a  hi;;h  illuminating  power,  and  many  volatile  ti^foid 
compounds  of  carbon  and  hydrogen.  ^J 

Pinie  acid  yields,   when   heated,  colopholic  acid,     Co)o{iboayH 
yields  resincine,   an  oil,    do  Hit  O;    also   rrtinnphthn,   Ci«  U», 
identical  with  toluolo  or  toluene,  whioh  with  chlorine  forms  a 
compound  Ci«  H«  Cli;    retiinjUnc,  Ci«  Hu,  isomorio  wit" 
or  curoene,  which  with  sulphuric  acid  yields  an  acid,  is.-: 
sulphocumenie  aciil,  Ci»  Ilii  S,  0«,   HO;    rrtinote,  0»t  Ul»; 
finally  a  solid  product,   retUleri-nr,  fusible  at   lo2°,  bavtaf 
aamo  composition  as  uaphthoiino,  Csq  Hs. 
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CXJLOtTtrXO    VATTROS  COXTAIFETG   KO   JflTBOOEjr. 
1.    YtBov  eolomring  maOeri. 

The  followins  are  the  most  important  of  the  yellow  vegetable 

llottricp  matters,  maay  of  which  are  used  in  dri-tng. 

Cwrevmine,  from  the  root  of  Vitrcumn  hmga,  is  resinous,  mid 

di»»olve<l  \>y  alkalies,  which  change  it  to  bruwn,     Mcnce  it 

uwd    a«  a  test    fur   alkalies,    ua^ler   the    name   of    turmeric, 

nbojie  yrllntc  is  extracted   from  gambofje,  the  dried  juice  of 

rrinia  tfiimhogia.      It  \a  rptinuus  ami   powerfully  piirsative. 

ill  ur  Auattn  is  obtained   from  the  scx-ds  of  Bixa  orelUtna 

•ila  tinctoria.     Caroline  is  the   oulourin;;  matter  of  the 

I)aucu*  carotn.     Jihitharherine  ii  a  name  formerly  given 

iho  yellow  acid    of  rhubarb,  now  called  rhryiophanic  acid, 

liich    is    found  also  in  lieliens  as  above  Btnt«d.     It  has  great 

ilouring  power,  and  yields  a  tine  violet  with  alkalies.     It   is 

fiblo   and    volatile.      Formula,  Cio  U>Oi.      From   occurring 

Pariiu-lia    parirtina,   it  has  also  been   called   jtarietinr.   and 

rirtinie  acid.     Lntcoline,  the  colouring   principle  of   ReneJa 

lleola  or    H'oaJ,  is   volatile   and    crj'stallisable.       Qucrcitrine, 

Dm  the  bark  of  Qurrrun  tinctoria,  is  crystalline,  and  its  com- 

■ition  is  Ci«  Ho   <>»,   II  O.     Other  yellow   colouring  matters 

Murinr,  from  Moras  tinctoria  ;   Saftlmrrr  i^tthw,  from   Car- 

ittnuA  tincturiiin  ;  Puli/rJiroite  from   Saffron  ;   Moriniiine,  from 

foriiida  cUrifolia,  which   re^enibles  the  Kubian  of  madder,  and 

jlflds  moriudonc,  a  red  body  like  alizarine,     P<Thaps  morindine 

I  identical  with  riiblau.     There  are  other  colouring  matters  of 

t*ia  iritii  fi-bt. 

2.  JUd  eolmuing  maHrm. 

^.fir»eon^ne,  or  Dragon's  blood,  is  a  red  itum  resin,  from  Dracmta 

It  is  much  iiwd  to  colour  varnishes,      Snntaline,    the 

klouring  matter  of  Pterocarpiu  nantaliniu,  is  also  resiiioiiH,  aud 

an  inlenw  red  colour.     Anchusine,  from  Anchuta  tinctoria^ 

I  tl)o  »ource  of  the  colour  of  alkanul  ;  it  is  resinous,   and  yields 

alot  vapours  when  heated.      Curthamine  is  the  red  colouring 

■ttvr   of  safllowvr,    Cartliamut  tincturiiu.      It  is  a  very  flue 

li(«DiHt  red,  much  used  fur  dyeing  roso    colour,   for    pink 

and  for  routfo,  at  Ieii»t  the  roiu/e  vftjtt-uU, 

r,  the  root  of  Jlubia  tinclorium,  ouulains  throe  diiTeront 

Inuring  roatti-rs,  mmitltr-yur/ile,  rtil,  and  oramjr.    All  threo 

tilo  ;  and  iho  *ubliraeil  crvntula  of  madder-red,  which  are 

BO  orange-red  colour,  ari'  oalli.d  alizarine.     This  is  the  sub- 

whioh  yields  tku  turkoy-rvd  dye.     With  alkalies  it  yields 
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purple  or  violet  colour  ;  with  acids,  yellow.  AVhen  disiolvcd 
lint  water  or  aleuliol,  alizarine  yields  n>8e-colour<i^  ^lutio 
The  coinpoHitioa  of  alizarine  is  C»  Uio  0,n  =  CkiU*  0«  +  4  aq., 
ill  the  slate  of  hydrate.  According  to  Kodiledcr,  madder  oon- 
taiiia,  besides  alizarine,  a  ycllon  rrrstollioo  acid,  Cn  H«  On, 
which,  when  heated  with  acida  or  alkaliej,  fields  suf^r,  Ci«  IIui 
Oio,  and  alizarine.  Schunek,  who  had  previotisly  olwcrvisl  thii 
fuct,  called  the  yellow  body  rubiane.  Nutwillutanding  ttia 
labours  of  uuny  exeellont  chemists,  the  subject  of  Tn»idd«r  iiM 
not  yet  been  cleared  up. 

JI(rtiiat-ojri/line  is  the  red  of  logicooJ,  Hfinatorylum  Camfttrhi- 
anum.  It  is  soluble  in  water  and  alcohol,  and  yields  orange 
crystals,  which  give  to  water  a  red  colour,  bri^hteued  by  acid* 
and  turned  to  a  violet  or  blue  by  alkalies.  With  alum,  logwood 
yields  various  shades  of  violet ;  with  an  iron  mordant,  grvj  and 
black.  Black  cloth  and  hats  are  dyed  with  it,  which  is  th« 
reason  they  arc  reddened  by  acids.  According  to  Krdmann,  pirn 
hiematozyliue  is  pule  yellow,  and  is  coloured  red  by  llie  almo- 
spkere.  Its  formula  he  found  to  be  Cio  IIi)  Oi>.  Whni  acted  uo 
by  ammonia,  it  yields  Aarnio^-iVif,  which  is  dark-rt'd,  and  form* 
with  excess  of  ammonia  a  splendid  purple  matter,  lltemntviae  is 
Cm  Hit  Oia  ;  and  the  purple  compound  \«ith  ammonia  is  Cto  Hi> 
Oia  4"  2  N  Hs  4"  Bq.  BraiHieooil  and  Ciimuroud  yirld  oolourin^ 
matters  very  umilor  to  lia>matoxyline,  if  not  identioal  with  it. 
The  red  of  China  nora  bark  is  Cn  H«Oi . 

Many  Uowcrs  contain  a  red  colouring  matter,  which  is  tunMd  i 
preen  by  alkalies,  and  is  very  fugitive.  It  is  soluble  in  w«UKj 
and  alcohol, 

8,  BItu  mlimrini/  maltrrt. 

These  are  chiefly  found  in  flowers  and  fruits.  They  ore  very 
closely  allied  to  the  red  of  flowers  and  fruits,  which  arc  nu  doabt 
olten  derived  from  them  by  the  action  of  acids,  llicy  ore  all 
turned  green  by  alkalies,  and  red  by  acids.  Huch  blue  oulourin^ 
mutters  as  are  more  permanent  contain  nitrogen,  and  will  bt 
oonsidered  hereafter. 


4.  Grtn  colouring  mailer.     CUoropkylL 

This  is  the  green  of  leaves.  It  is  of  a  nature  allied  to  that  of 
wns,  soluble  in  ether  and  alcohol,  insoluble  in  water.  It  ia  TWfJT 
neutral  or  indiflerent  in  its  relations  to  otlier  substiincca. 

Polychrome  is  the  name  given  to  a  peculiar  crystalline  principU 
found  in  some  vegetables,  such  as  quamia.     It  giv«*  to  water  th*  i 
quality  of  exhibiting  a  curious  play  of  colours,  among  whioh  Woa 
predominates,  like  that  of  the  opal,  when  the  holution    is  viewed 
by  rclloetod  light ;  1  part  will  give  this  proiterty  to  I,M>0,UOO  o( 
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firster.     Its  furmula  is  said  to  ho  Cio  IlaOa,  11  0,  which  is  the 
Itome  as  tJuit  of  qtiercitrine,  and  ooiituins  2  eqs.  of  oxygeu  more 
Uum  the  ajioretine  of  rhubarb. 


SOX-i.rOTI8ED   TEOETABLE   COMPOrSIlS,    THI!   5ATCltB  OF 
■WHICH    IS   SOT   TET   ASCEBTAISED. 

la  this  subdi^'iaion  may  be  included  a  number  of  compounds, 

DO«t  of  which  crystallise  and  have  a  bitter  taste,  but  arc  neutral 

,  oasnot  yet  be  referred  tu  ouy  particular  series  of  compounds. 

'  Salicine,   jihloridzine,  and  rhodeoretine,  which   would   formerly 

have  been  here  described,  are  now  treated  of  along  with  siib- 

(taacca   allied   to  them.      The   substances   now    to    be    briefly 

mentioned  have  usually  beeu  termed  the  bitter  and  extractive 

rinciples  of  plants. 

Gtntianine,  from   Oentiana  hitea,  forms  yellow  needles,  very 

Meni/antliine,  from   Mcnyanthea  trifoliuta,  is  liittcr,  but 

\vA  crystallise.     Athamaritine,  a.  bitter  and  acrid  crystalline 

nlMtancse  found  in   Athamnnta    oreoteUnum,   is  Cm>  U.to  Oi». 

Wbra  combined  with  hydroolilorio  acid  and  boiled,  it  is  resolved 

Bto  oreuadone  and  valerianic  acid.     Thus  : 

C.  H»  Oi.  =  2  (Cio  H.u  0.)  +  Cm  Hio  0«. 


ViUeriaulc  Kcld. 


OnoaoIODCL 


Huinthine,  from    Artemitia    abninlhium,   or  wormwood,  is  a 

emi-crv«trtlline   moss,  very  bitter,   soluble  in  alcohoL     Tana- 

tttint,    from     TnnncHum     rulgure,     is    very    similar    to     it. 

\Santiminf  is   a  beautifully    orvfilaUisablo    compound,  obtained 

xim  ArUmitia  conlrti.     Itisgolublu  in  alC'ihol,  bitter  totlie  taate, 

rolatile,  and  coloured  yellow  by  the  action  of  lijjlit.     I'opulint, 

trota  the  bark  and  leaves  of  Pojiulm  tremulu,  forms  white  crys- 

,  of  a  sweetish  and  acrid  toate,  £uloured  red  by  sulphuric  acid. 

It  may  possibly  be  connected  with    siilicine.      Liriodemliine  is 

[>  crrntulline  bitter  substance,  from  the   baik   of   Litiuilcndrmt 

rfi//.,.iVV.<c.     PieroUcheniiie  is  an  intensely  bitter  crystalline  com- 

md  in  the  lichen  Varwloria  amnra.     It  is  powerfully 

lic.jiii..^. .     In  contact  with  ammonia  and  without  the  access  of 

ir,   it  is  changed  into  a   reddish-yellow  matter,   which  finally 

Idvpotit*  yellow  crystals,  not  bitter.     With  access  of  air,  it  yields 

itb  ammonia  a  deep  red  very  soluble   matter.      Cetrariiu  u 

■bitter  principle,  from  tlie  I  iohen,    Cvtraria  ItlomUca,  or 

&d  moss.     It  is  coloured  deep  blue  by  hydroohloric  acid.    It 

I  said  also  to  bii  febrifuge.     Ilicine,  from  Ilox  atjui/otiinn,  forms 

^browninh-yellow  cryaUiU,  very  bitter  and  febrifuge.     Syringinc 

U  til*  bitter  priucipb  of  the  lilac,   Syringa  vulgaris.    It  is 

k.  K 
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crystolline  and  soluble  in alc«bol.    Dophninfiaa^  'iJlij 

substance,   obtained  from  Daphne   Mezerron.     J.  i    is 

orystolline  body  found  in  tlie  8[>on^  enveJope  ol  urtui^ca  and 
lemons.  EUiUrine  is  the  active  principle  of  Muinnrdico  vlatcrium, 
is  crystalline,  bitter,  and  very  purgative.  Its  formula  is  C'n 
Hi4  Oi{?)  Cuhcynthine,  the  active  principle  of  oolocyntb,  i»  atnar- 
plious,  intensely  bitter  and  purgative.  Bnjonine,  from  Jiryonia 
alba  and  dioica,  ia  similar  in  its  properties.  Mudarine  is 
emetic  principle  of  Calotropia  mudarii  ;  it  is  a  bro^ii  amoq<bi 
matter,  the  solution  uf  which  in  water  gelatinises  at  U^', 
becomes  again  Liquid  on  cooling.  ScillUine  is  the  bitter  of 
maritima.  It  is  amorphous,  bitter,  purgative,  and 
CtUhortine  is  the  bitt«r  purgative  principle  of  senna.  Antiari 
Cts  Hiu  Gin,  is  the  active  principle  of  the  poison  called  t 
antiar.  It  is,  when  introduced  into  a  wound,  e8{>eoially  ali 
with  soluble  matters,  such  as  sugar,  a  most  ]>owerful  jiuisuo, 
and,  hitherto,  no  means  ore  known  by  which  its  fatal  action  c«a 
be  arrested.  Dujitaline,  the  active  principle  of  Dij^talis, 
merly  supposed  to  be  a  base,  is  now  said  to  be  non-ozutiscd, 
to  have  the  formula  Cm  Hi^  On.  It  excites  violcat  succziu^, 
is  very  poisonous,  if  taken  internally. 

2^nthipicrina  is  a  bitter  crystalline  sabstonce  from  the  but 
of  ZiinlUuii/lum  Claca  JlrrciilU.  It  has  been  little  stsditd. 
Picrut-iiriur,  the  bitter  priudiple  of  Menitpermum  coccuUu  {Oof 
eitlut  indicus),  forms  whit«  prisma.  The  composition  of  these  ii 
said  to  be  Cm  Ho  0« ,  hut  some  reoeat  researches  seem  to  show  tbtt 
picrotoxine  is  a  vegetable  base,  and  contains  nitrogen,  lilc  all  libat 
class  uf  compounds.  C'onMariV/inr,  the  active  principle  of  Oaolks* 
ride«,  forms  rhombic  scales,  wiiich  are  said  to  be  Ci<>  H«  0« ,  tliv 
formula  as  that  above  given  fur  picrotoxine.  Columbint 
orystalliae  bitter  substance,  obtained  from  culumho,  the  root 
Mtnitpfrmum  palmatum,  and  somewhat  analogous  to  piero- 
toxiiie.  Phloridzine,  from  the  bark  of  the  root  of  t!" 
pear,  cherry,  plum,  &.o.,  resembles  solicine,  and  is,  ai" 
Streckcr,  C*s  Hm  Ok  +  4  aq.  By  boiling  with  uo.n 
resolved  into  grape  sugar  and  phlon'liue. 

Cm  Bm  Ob  -t-  2  B  0  =  Ci>  Hit  Oil  -f  C*>  Hi.  Oio. 


c«a 
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By  the  action  of  air  and  ammonia,  it  yields  a  blue 
phloridxeire,  C*t  IIki  N<  (.>».      Qiianiiir  is  a  yellow, 
and  very  bitter  substanoi*  from  the  wood  of  Quauia 
formula  is  said  to  lie  Cw  Hn  0«.     Querettrine,  from 
bark,  has  been  Utely  shown  to  b«  €••  llu  Oso  +  2aq, 


BITTKR   AND  CBYSTALLIKE  COMPOUNDS. 

'Ii  pliluriJzine,  and  like  it,  wlien  boilt-d  willi 
.^ar,  and  u  uew  body,  quircetijic. 

0»  tL>  Ob  -«-  2  B  0  =  C>i  Hii  Oil  -t-  Cu  Hi  Oio. 


Onjie  Sugar.       QiwrooUa*, 

liu»  qocrcctinc  ig  homologouB  with  phloretino.  Ztijmline,  the 
ittet  principle  of  hops,  ia  not  crystullihable.  Lactuciiie  is  a 
iliue  n-cinoid  bitter  substance,  from  the  juiouof  Lucluca 
(Lacliicariiim).  It  baa  anodyno  pruporliea.  Ergotine 
"to  uncrvbtjillisi'd  bro\VTi  powder,  extracted  from  ergot  of 
rye  by  hot  ulcobul,  after  the  fatly  mutters  have  been  removed 
IjT  ether.  It  uppeiirs  to  bo  poisonous,  and  is  jirobahly  the 
•cttre  matter  of  the  ergot.  Purjthyroxine  is  a  crystallisable 
mhaUtHH;  found  in  Bengal  opium.  Its  solution  in  diluted 
■aid*  becomes  red  -when  boiled.  1 1  re(}iiires  further  investiga- 
tloa.  fto/ionine  is  a  peculiar  principle,  found  in  the  root  of 
Scponariii  ojfldnali).  It  is  white,  amorphous,  and  has  a  taste 
&nt  cwoct,  then  styptic,  and  finally  acrid.  It  is  a  powerful 
•teraatatory.  It  is  soluble  in  water,  and  it^  solution,  even  wheo 
much  diluted,  frottis  when  agitated,  like  a  solution  of  soap.  The 
ot  ii  xuvd  aa  a  detergeut.  When  acted  on  by  alkalies,  it  is  con- 
into  an  acid,  trnponic  acid,  Cm  Ilxi  Ou.  Smilacitie  is  a 
Jinu  iubiilanoe,  fouud  in  Smilax  $ariaparilla.  Its  com- 
I  it  Ci>  Uu  Os.  In  China  noia  there  is  found  a  substance 
Analogous  to  smilacine,  the  composition  of  which  is 
>  Uu  (.•*:  that  is,  smilacine,  tninut  1  eq.  water.  Reneguine  ia 
Bcrid  and  astringent  substance,  fouud  iu  Pulijgala  aenrga.  It 
idtcs  sneezing  powerfully.  Formula,  Cm  His  On.  Ouaiacine 
I  to  be  the  active  principle  of  guaiacum.  It  is  ocrid  and 
Pluinbagine,  extracted  from  the  root  of  Plumbago 
"wngMo,  forms  yellow  prisms,  the  taste  of  which  is  first  sweet 
■ad  styptic,  then  acrid  and  hot.  The  yellow  colour  of  its 
■quMUB  solution  is  turned  cherry-red  by  nlknlii-s.  Cijctamine  u 
t  cryttAllino  matter  from  the  root  of  Cychmtn  eurojtcFum.  It 
ry  acrid,  purgative,  and  emetic.  J'euceilanine  is  a  very 
crystalline  principle  derived  from  the  rout  of  Pcucedanum 
Kcinale.  Formula  Ca<  IIt>  0*.  When  heated  with  potash,  it  i« 
lived  into  angelic  acid  and  oreosclone. 

Ang«lk«  Acid.    OnoMloiis. 
Ou  Ilii  0.  +  2  U  OzrCto  Hi  0.  +  €••  U,  0>. 

ntptra(nrin*,  C-t»  Tin  0»,  ia  a  orystalliaabls  oompound,  obtained 
iiloriii  ottruthium.  it  is  Very  acrid  and  styptio. 
Iturk  of  various  species  of  Phillyrea,  crystol- 

nm  ta  ulvcr}  scale*,  whiub  arc  bitter.    Fraxinine,  from  the  bark 
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of  FrajitiiD  ercelm'or, isaoryiittllisMey!'  |ilc,    Tanghim 

is  a  similar  substance  from   Taiii/ln'nia  .'u  in>n«M.      Ut« 

poisonous,  Melampurine  is  B  tasteless,  DoutTuI,  crysUdline  sub- 
stance, from  Mfslampyruin  nemoroiiim.  Meconine  is  a  neattml, 
crystalline  com|>ound  contained  in  opium.  It  is  solublv  in  watrr, 
alcohol,  and  ether.  It  is  acrid  to  the  taste,  fusible  and  ?uUtil«. 
Formula  Cio  H«  0«.  With  nitric  acid  it  yields  nitrome«oitint 
or  niltumeennic  acid,  Cio  IIo  N  Oit.     Aa  meconine  may  b«  Cw 

Hio  Os ,  nilromcoonine  is  C»  ]  j^'q  0»  ;  in  which  1  eq.  bydrogco 

is  replaced  by  1  e<}.  nitrous  acid.  Chlorine  transforms  moooninr 
into  crystals  containing  chlorine,  which,  however,  by  tho  actios 
of  alkalies,  yield  an  acid  free  &om  chlorine,  mechlaic  actd, 
Ci.  Ht  0.0  (.")'. 

Cul/fbine,  ('-*<  Hi<  Oio,  ia  a  crystalline  compound  contaiaed  in 
oubebs.     Olitilt,  Cu  Ho  0» ,  is  a  crystallisable  acrid  .■• ;  " 
found  in  the  pum  of  the  olive-tree.     0/it'i°/i«  is  another  > 
matter  found   on   the   leaves  of  the  same  plant      It  in 
Ciiicine  is  a  crystalline  matter,  found  in  Cmtaurca  htnedii 
in  the  numerous  family  of  the  Cynarocephalot.     It  is  neui 
bitt«r,  and  very  similar  to  columbine.  Its  formula  is  CV.  IIm 
and  in  some  res]>ccts  it  approaches  to  calicine  and  pbloridiintf 
but  it  requires  further  iuvtstigatiou.     Limiminr,  or   Lantmr, 
bitter  crystalline  matter  found  in  the  seeds  of  oranges, 
&c.,  has  not  yet  been  fully  examined.   Angelicine  is  a  cryitelUatd 
compound  found  in  angelica  root. 

Besides  the  above,  which  have  merely  been  briefly  eatak^wd 
for  want  of  £]>aco,  at  least  an  equal  number  of  rub»tiuicea,  cjiiaflj 
crystallisable,  and  cither  bitt«r,  acrid,  or  in  a  few  cases  laitriliM, 
have  been  extracted  by  various  chemists  from  many  diffejvnt  gcMn 
and  species  of  plants,  but  have  been  so  little  examined  Litlusl* 
that  we  cannot  safely  describe  them  a<  distinct  and  peculiar. 
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There  are  several  fine  and  valuable  ooloura,  which  contaia 
nitrogen  as  an  essential  element,  and  probably  in  the  form  d( 
ammonia  or  amide.  Such  colours  are  archil,  IHiuum,  and  i  iiif&wt, 
derived  from  certain  species  of  lichens ;  and  inJii/o,  d« 
from  the  juice  of  various  plants,  especially  different  kiH 
ittdii/n/era.  AH  these  colours  are  derived  from  colourless 
|Kiund«,  froqurnlly  of  an  acid  nature,  by  tlic  Mirnbinod  acUoa  of 
air  and  ammonia.     Of  ihisu  oolourU-s*  r  the  mott  im- 

portant ore,  lecanoric  aeiil,  erythric  acid,  u,  i>l,  n*niie  ( 

and  oreine. 
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I  acids  are  easily  extracted  by  the  following  process 
•).  The  lichens  cut  in  small  pieces  are  moistened  with 
^ater,  and  after  remaining  half  an  hour,  slaked  lime  is  added,  and 
'  mixture  allowed  to  stand  for  a  time.  It  is  then  placed  in  a 
el  with  a  double  bottom,  the  upper  being  perforated,  and  the 
ijuid  displaced  by  cautious  addition  of  water,  as  long  as  that 
vhivh  drops  gives  a  deep  purplo-red  colour  with  bleaching  liquor, 
Lcbsnctcr  belonging  to  all  the  acids  which  yield  archil.  The 
Dn  is  then  supersaturated  with  hydrochloric  acid,  and  a 
incus  precipitate  fidls,  which  ia  washed  and  dried.  The  acids 
are  extracted  fVom  it  by  weak  alcohol,  without  boUing,  whioh 
Bold  furrn  other  compounds. 

1,  Lrfaiiorie  Acid  occurs  in  Lecanora  tartarea,  Gyrophora 
3ta,  and  other  lichens.  Its  formula,  according  to  Sahunok, 
Hb  f»,  =  Ch  H»  Os,  H  0.     According  to  Stenhouse,  it  is 

•  "Bis  Oil  =:  Cm  Hu  Oi«,  H  0.     It  forms  minute  white  crystals 

iluble  in  water,  soluble  in  alcohol  and  ether.     When  heated 

12"  it  becomes  anhydrous,  Cis  Hs  0».      When  heated  with 

Ilea,  such  as  baryta,  a  carbonate  ia  deposited,  and  a  sweet 

atMtance  remains  diswlved,  which  crystallises  on  evaporation. 
luB  is  orciiie,  which  is  formed  along  with  carbonic  acid,  according 
to  the  following  equation  : — 

C.  H.0.  =  2C0>+  Cio  H.O4 
Anhydnjuslccanoricsctd.    Aohydroiu  oroin«. 
»me  change  takes  place  when  Iccanoric  acid  ia  boiled  with 
and  for  this  reason  orcine  alone  ia   oblaiued  when  the 
I  are  extracted  by  that  solvent.    According  to  Steuhouse, 
age  is  not  quite  so  simple. 
'  the  combined  action  of  air  and  ammonia,  It-canoric  acid  is 
Jy  changed  into  a  deep  rich  blue  or  purpile  mass.     Here 
ordM  ia  flrst  produced,  and  by  the  action  of  ammonia  on  that 
Oanpoand,  oroeine,  the  blue  compound,  is  formed.    When  heated, 
Uaanorio  acid  yields  a  sublimate  of  auliydrous  orcine.      When 
.boiled  with  alcohol,  it  is  gradually  converted  into  the  following 
om  pound. 

2.  L*ean<iraU  of  Oxide  of  ElhjU,  8t!»,  Pneuiioerythrino  o( 
iHMrcn  ;  Eri/lhrine  of  Kane. — Tliis  compound  is  formed  when 
lecanorio  acid   and   the  lichens  containing  it   are   boiled  with 

Ikloohol.  It  is  soluble  in  hot  water,  from  which  it  crystallises 
I  pn  cooling,  and  the  wlution,  after  long  boiling,  contains  orcine. 
I  It  may  be  sublimed  unchanged,  and  when  boili-d  with  alkalies  it 
lyivldo  ul'    '  '"luiu  aoid,  and  orcine.      Its  true  nature  was 

Ldiscorori.'  ,.ck,  who  also  first  detected  lecanorio  acid.    Its 

ronuuU  is  tw  U.ii  U>=  Ctll*  0  -f  Cm  lis  Ot. 
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Lernnorate  of  Oxide  of  Methj/h  ii  analogous  to  the  { 
ooniponiid. 

3.   Orcine  forms  large  transparent  crystuli*,  is  very  oolulile  la 
water,  and   has   a  sweet  taste.     When   nnhydroim,   it   in«y  be 
distilled  unchanged.     ^M1en  mixed  with  ammonia,  and  rxpoaid 
to  the  air,  it  gradunUy  acquires  a  deep  blocxl-rcd  colour,  fn 
a  nitrogenised   colouring  matter,   orciine,    suluble   in 
with  a  deep  red,  in  fixed  allcalies  with  a  rich  xiulct 
formula  of  wliich  is  Cio  N  Hn  Or .     The  production  of  aabydns 
oroine  from  lecanoric  acid,  by  boiling  with  baryta,  or  even  bj 
boiling  with  water,  has  been  described  above.     Hut  the  erystali 
of  orcine,  as  dep()sited  from  its  aqueous  solution,  area  hydnt^  : 
Cio  Hn  0?  =  Oi«  Hs  0»  +  3  H  0.     It  is  this  hydr»t«,  which,| 
with  the  addition  of  A  eqs.  of  ozyg«n  and  1  eq.  of  ammouia,  jiaUtl 
oroeine  and  water. 

CibH.i  Oi  +  Os  +  IIH.  =  C..  NH»0.  +  fiHO 


□u  pxpvwa 
ur,  fot«i|^^J 


Hy*lr«tod  orctna. 


Oreela*. 


Orcine  forms  with  oxide  of  lead  a  oompoond,  the  formoU  e(. 
which  is  Ci«  H»  Oi  +  3  Pb  0. 

4.  Parellic  Ariil, — This  acid  accompanies  Iccanorie  acid.  II' 
forms  either  minute  crystals,  the  formula  of  which  is  C»  Us  Oia» 
or  large  hydrated  crystals,  which  are  transparent  and  of  grrat; 
density.  The  formula  of  the  latter  is  C<i  II>  On  ^  Cn  U»  Oio^ 
H  0.  When  heated  to  STi",  both  kinds  lose  water  and  b««oiB«' 
Cu  Hr  Oo,  wliioh  b  probably  the  formula  of  the  anbydrons  aotd. 

With  ammonia,  parellio  acid  becomes  brown,  and  when  heated 
with  fixed  alkulii's,  it  yields  carbonic  acid,  and  other  prodoota, 
not  investigated. 

6.  Erythric  Arid.  Srs.  Orcino-lecanoric  acid.  Tliis  a<id  It 
found  iu  Panncliii  rDccella,  ond  Horrella  linetoria,  the  latter  iMtnf 
the  Uohen  which  yields  the  best  archil.  VChca  heated,  it  yields 
a  sublimate  of  orcine,  and  when  boiled  with  alkalies,  it  it 
resolved  into  carbonic  ocid  and  oroine.  When  boiled  with 
alcohol,  it  yields  leeonorate  of  oxide  of  ethylo.  All  thrso  (aoU 
indicate  a  olo^e  relation  to  lecanoric  aeid,  and  Soliunck,  who 
disooTcred  the  erythric  acid,  has  pointed  out  ttuit  its  formula, 
Cm  His  Oi«,  represents  a  ooraponnd  of  1  eq.  Iccucorio  acid  and 
1  eq.  orcine.  It  is  probably  therefore  a  coupled  aoid,  oreiav; 
lecanoric  acid. 

Ci.  H.O. +  Ci.  Hii  Ot  =  C«  Hi.  Oi. 


Locmnorio  add.  Hyiiratod  ureloe.  Orelao  loawnnrte  acid. 
It  combines  with   4  eqs.  of  oxide  of  lead,  Ihreo  uf  whieh  |W- 
bably  tmito  with  the  oroine,  and  the  fourth  with  the  laMoaris 
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tifn  boUed  with  alcohol,  it  is  resiolvod  into   leeanorio 
which  unitea  with  oiidc  of   c-thylo,  and  orcine,  which  is 
Lin  solution.     It  must   also  yield  orcine  in  Inrgo  i|uaiitit7 
uiled  M'ilh  harj-ta,  iu  which  case  it  loses  2  eqs.  of  oarbonio 
£d,  and  takes  up  3  eqs.  of  water. 

C>.  n..  0.1  +3HO  =  2<Ci<>Ui.  Or)  +20  0i 
BrTthrie  *dd.  Hydnt«d  orciiie. 

la  other  words,  the  orcine  ready  formed  is  separated,  and  the 
inorio  acid  undergoes  the  ohan|<e  formerly  described, 

^tlirio  or  oroino-leoanoric  acid  is  the  most  imjiortont  of  all 
Bciples  found  in  lichens ;  some  of  them,  treated  as  Sten- 
>  recommeuds,  yield  12  per  cent,  of  the  crude  ocid  ;  hence 
eir  saperiur  value.  Bat  Stenhouse  states  the  formula  of  this 
dd  t<j  l>e  C»  Hii  Oio  :=  C«o  Eio  On,  H  0:  and  if  so,  the  pro- 
notion  of  orcine  from  it  cannot  be  so  simple  as  above  stated, 
cnhouse  states  that  when  erythrio  acid  is  boiled  with  lime  or 
(rytA,  it  yields  pieroerythrine,  and  a  new  acid,  erytJirelesio 
lid,  which,  when  boiled  with  wat«r,  yields  carbonic  acid  and 
cine.  Like  Itcanoric  acid,  erythrio  acid  readily  forms  others 
btvo  boilwl  with  alcohol  or  pyroxilio  spirit,  but  these  appear  to 
atoin  nut  erythrio  but  crythrelesic  acid,  and  it  would  seem 
crcfore  probable,  that  in  Sohunck'a  mode  of  extracting  erjthrio 
by  boiling  the  lichen  with  water,  it  had  been  oon>crted  into 
"  slesic  acid,  and  that  therefore  this  latter  acid  in  the  sane 
(back's  erythriu  acid,  wliilo  the  true  erythrio  acid  is  that  of 
Boos*. 
Variolarine  is  the  name  given  to  a  substance  obtained  by 
obiquct  from  f'ariolaria  Jealhata.  It  has  been  little  studied, 
Rd  is  probably   ideutical  with  some  of  the  oumpouiids  above 

ribed. 

6.  rierv«rythrin«,    Snr.    Erylhrin-hitler  of  Hecren.  Amary- 

i'n«  of  Kane. — This  compound  is  formed  when  erythriu  uoid, 

lichens  containing  it,  arc  boiled  with  water,  and  is  the 

Lof  the  bitter  taste  of  the  dcouction.     When  boiled  with 

it  yields  orcine,  erythromannite,  and  carbonate  of  baryta, 

id  when  heated,  it  yields  a  sablimatc  of  orcine.     This  is  easily 

:))laini'd  by  its  formula,  which  is  C>»  U«*  Ow,  thuti/,  erytl  rio  acid 

Ks  !>  e<i«.  ol  water ;  but,  according  to  Stenhouse,  it  is  Cm  Uu  0», 

also  discovered  the  formation  of  erytiiromonnite  when 

ylhrine  is  bailed  with  bases, 

Ei-i/tJir«mannilf.     This  very  ourions  substance   is   formed 

along  with  n  little  oroine  and  carbonic  acid,  when  pieroerythiine 

I  boilvd  wiUt  baryta.     It  is  soluble  both  in  water  and  alcohol, 
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ond  forms  very  Inrge  colourless  crystals,  of  a  sweet  tast«.  It  it 
very  annlogous  in  \U  properties  to  maiinit«,  and  iu  formula  ii 
I'll  IIu  On,  while  that  of  mannite  is  Ca  Q;  Oi  or  Cii  Ilia  Oi>.  It 
is  not  impossible  that  these  two  bodies  may  be  homologons,  aad 
that  their  true  formula;  are  yet  uukno\m.  Stenboase  at  £nt 
gave  to  erythromannite  the  formula  Ciu  ITu  Oxo,  nor  has  ooy 
reason  been  given  for  ohongLng  it  to  Cn  Hn  On .  If  the  latter  be 
correct,  however,  the  difftrence  between  it  and  tliat  of  maonite  a 
C  0,  and  it  is  possible  that  homolo^iis  series  may  cxikt  in  which 
C  0  is  the  common  difierence ;  but  it  is  more  probable  that  Um 
difference  may  really  bo  C  H,  or  Ct  Ui .  Like  maanite,  eryliuo- 
manuite  forms  with  nitric  acid  a  oompound,  in  which  6  eqa.  of 
water  are  replaced  by  6  of  nitric  acid. 

8.  Alpha  Oriellic  Acid.  Found  by  Stenhousc  in  iZorcfifl* 
tinctoria,  from  South  America.  It  is  oryktallisablo,  nearly 
insoluble  in  cold  water,  soluble  in  hot  water.  Its  formula  ii 
Cm  Hu  Oi«  =  Cm  Hi»  Ois,  H  0.  With  bleaching  liquor  it  fonM 
a  deep  but  fugitive  blood-red  colour,  as  do  oU  the  aoida  whidt 
yield  orcine  and  archil.  Its  solution  in  ammonia  alao  beoomea  «f 
a  deep  red  colour  when  exposed  to  the  air.  When  the  neutral 
alpha  orseUate  of  baryta  is  boiled  with  water,  a  new  acid  is  formed, 
alpha  ortelkiic  acid,  Ci«  H«  0»  =  Cm  Ha  Ot ,  H  O.  When  tiiia 
acid  is  boiled  with  water,  it  yields  carbonic  acid  and  oolourleas 
oroine.  With  bleaching  liquor  it  gives  the  same  fugiti?e  violat 
colour  as  orcine,  not  the  blood-red  of  orsellic  acid.  It  oombi&M 
with  oxide  of  ethyle,  but  orsellio  acid  does  not. 

9.  Beta  Ortellic  Acid  is  found  in  the  same  lichen  from  tbo 
Cape.  It  is  prepared  like  the  other  acids,  and  closely  reaanfalM 
the  preceding  in  all  its  relations.  It  is  intermediate  in  propertlea 
between  alpha  orsellio  and  erythrio  acids,  but  nearer  to  tlM 
former.  Its  formula  is  Cs.  Hu  Ou  =  C^  H»t  Oi.,  II  O.  It 
yields,  like  the  preceding  acid,  a  beta  orteUetic  acid,  not  yet  ana- 
lysed, which  is  capable  of  forming  ethers,  and  when  boiled,  yield* 
colourless  orcine. 

10.  Ruccetliiie.  This  body  is  formed  along  with  the  preovdlD^. 
It  is  neutral,  yields  no  red  colour  with  bleaching  liquor,  and  iti 
formula  is  Cx  IIw  On  . 

11.  Erernic  Acid.  Found  in  Ectmia  prutuulri,  Thl*  »M 
nisembles  the  others,  but  is  not  coloured  red  by  bleaohtng  liqoor. 
It  however  yields  orcine  when  heated,  and  givea  a  red  oolosr 
witli  ammonia  on  exposure  to  the  air,  bnt  slowly.  Ita  fonnala  b 
C»4  Hi»  Oi.  =  Cm  Hi.  On,  H  0.  When  boiled  with  boM*,  it 
yields  errrnetic  acid,  and  .^rcinc.  Evcrneaio  Boid  yields  no  nsd  or 
purple  \tith  bleaoliiug  liquor  or  ammonia.  Its  formula  is  Ci.  Dio 
Osse  Cu  n>  0> ,  n  0,  very  Bear  to  Sohiuiok's  formula  for  far*- 


i 


tJSNIC    ACID. 


861 


oWrf,  ftvm  which,  however,  it  is  quite  distinct.     It  oom- 

I  with  oxide  of  ethyle. 

It  will  be  seen  that  all  the  above  acids,  as  found  in  lichens, 

BAinely,    lecajiorio,   erytbrio,   alpha  orscUio,   beta  orsellic,    and 

ernic  acids,  yield  red  dyes  with  ammonia  (oroeine  or  orchil 

•),  and  strike  a  blood-red  but  fugitive  colour  with  bleaching 

)uor.     But  all  of  them,  when  their  neutral  salts  are  boiled, 

eld  new  acids,  such  as  erythrelesio  and  the  two  orsellesic  acids, 

Doric  acid  no  doubt  yields  one  of  those,  or  a  similar  acid), 

bioh,  save  in  the  cose  of  evemesio  acid,  strike  a  violet  colour 

blenching  liquor.     Now,  these  last  acids,  when  boiled  with 

tf  yield  colourless  orcine  and  carbonic  acid,  and  this  is  the 

Detliud  of  obtaining  orcine,   the  true   origin  of  tho   dyes 

with  ammonia.     If  orcine  be  required  in  large  qxiantity, 

slightly  coloured,  which  does  not  interfere  with  its  proper- 

«,  it  is  best  obtained  by  extracting  the  lichens  with  milk  of 

in  the  cold,   passing    carbonic    acid  through   the  filtered 

lution  as  long  as  carbonate  of  lime  is  formed,  after  boiling  it 

'  tome  hours,  and  evaporating  it  to  a  small  bulk.     The  liltered 

laid  it  to  bo  evaporated  to  dryneM,  and  tho  residue  boiled  in 

ong  spirits,  which,  on  standing,  deposit  abundiiuco  of  orcine 

reddish  crystals.     These  may  be  further  purilied  by  solution 

ether    and   evaporation   in    vacuo,  when   large  crystals   are 

with  little  colour,  apparently  anhydrous  orcine.    Orcine 

,  with  bleaching  liijuor,  the  same  fugitive  violet  colour  as 

Ojrtikrelctiic  and  or.>eUesie  acids,   &c. ;  and,  as  has  been  already 

i,  it  yields,  with  ammonia,  on  exposure  to  air,  the  deep  rod 

eine.     For  our  knowledge  of  these  singular  comp(jund8  we  ore 

'  indebted  to  bk'hunck  and  to  !5tenhouse.     The  latter  reoom- 

I  that  the  acids  of  the  lichens  should  be  extracted  by  his 

wit.h  lime  and  hydrochloric  acid,  on  the  spot,  and  the 

ied  prcci|>itato  uf  crude  acid  imported  instead  of  the    bulky 

liens,  which  contain  from  2  to  12  per  cent,  only  of  available 

biburing  matter.     The  process  is  to  easy,  and  the  value  of  the 

1  aoids — probobly  1000/.  per  ton — so  groat,  that  the  recom- 

ndatioD  of  8tenhouso  will  probably  be  adopted. 

li.   Untie  Acid. — This  acid  is  found  in  many  lichens,  such  aa 

'<tken  ranffiferiniti,  and  in  many  species  of  Uinea,  Jiamalina, 

Faniicli/i,   Diotora,  Leciiiea,  Alectora,   Ecerniu,  and   Clailonia, 

;  i»  Hxtructed  by  Sfenhouse's  process,  and  forms  sul|ihur-ycllow 

soluble  in  water  and  alcohol.     Like  the  other  acids  of 

,  it  yichlH  ooloiirod  compounds  under  the  inllucnce  of 

auiiuonia  or  fixed  alkalies  ;  but  these  appear  to  contain 

gen,  and  are  not  blood-red  or  purple,  but  red.     It  cannot 

nude  to  yield  orcino,  so  far  as  is  yet  known,     lia  formula  i^ 
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C»8  Hit  Oh,  which  oorreiponds  to  2  eq«.  of  leoonoHc  ami,  phn 
Ci  lit,  and  mitiiu  Oi, 

13.  Chrt/topliaiiic  Acid. — This  is  onother  crystallisable  acid, 
foond  in  Parmrlia  jMririina.  It  forms  golden-yellow  rrT»tal»,  uid 
with  ali>oholio  sotulious  of  potash  and  ammonia  vi^lds  a  i>{Joiidid 
red  colour.  '  Ita  furinula  is  said  to  be  Cio  lis  Ox,  which  mi{;ht  bu 
naphthulinc,  Cm  lit,  plus  6  eqs.  of  oxygen.  Its  Milt*  arc  blue  or 
violet  when  dry,  red  in  gelation.  This  acid  has  also  tK«n  fonad 
in  rhubarb  by  Schlossberger  and  Doepping.  This  and  tlia  pre* 
ccdin)^  acid  were  discovered  in  the  lichens  by  llodilcdcr  isil 
Ileldt.  If  tliese  two  acids  are  employed  in  dyeinfi;,  tliey  yield 
colours  quite  different  from  those  given  by  the  white  aaida  pm- 
vioiisly  dencribed. 

14.  Archil  contiiina,  according  to  E»ne,  two  bine  compound*, 
which  he  colls  aljjlia  orreine  and  bfta  nrcfine,  Cn  ilio  X  Ut,  and 
Cis  Hio  N  Os ;  besides  a  third  of  an  auid  uatiiro,  eri/thrvhie  aeH, 
C«iU»0.. 

Id.  Litmus  contains,  according  to  Kane,  a  red  Quid,  ory* 
throUine,  Cm  Hn  (>•;  and  tliree  solids,  of  a  piiqilo  ooknu', 
erythrolitiiiinc.  Cm  Hm  Oi»  ;  azolittiiine,  which  contains  nitrogo, 
and  i*  the  principal  coustituent  of  litmus ;  anA  »paniotitmin*,Cn 
H>  Oi«.  Aooordiug  to  Uelis,  litmus  oontains  tiireo  ootottriag 
matters,  one  soluble  in  ether,  which  is  orange-red  ;  one  wtlobb 
in  alcohol,  blood-re<l,  and  one  soluble  in  water.  Tb«  K^oond  ia 
the  chief  ingredient  of  the  dyo.  Ail  give  blue  compound*  wit]l 
alValies. 

IG.  Phloriduine  is  the  deep  blue  compound  formed  from  phlo- 
ridzino  by  the  action  of  air  on  ammonia.  Ita  formula  ii  Cm  Hw 
N.  Oh. 
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1 7-   Jntlitjo. 

This  valuable  dye  has  been  long  known  ;  but  it  i*  onljr  i 
1S27  that  its  chemical  relations  have  been  accurately 
No  sub.stanee  in  the  whole  range  of  chemistry  has  ji«lded  a 
greater  variety  of  most  interesting  products:  and  the  study  of 
the  metamoqiboses  of  indigo  has  already  thrown  much  light 
on  the  laws  of  the  decomposition  of  organic  substances.  Vat 
what  is  known  on  this  subject,  we  are  indebted,  first,  in  point 
of  time,  to  Chevreul,  Range,  Walter  Crum,  Liebig,  ilc-rxeUos, 
and  Dumas;  mure  lately,  and  in  an  egi>coial  manner,  to  tiM^ 
cumprchensive  researches  of  Erdmonn,  Fritzscho,  and  Laannit;] 
tiio  last  of  whom  hat  made  known  several  inten.titiug  acnoa  of 
naw  oomix>unds  derived  from  indigo,  and  has  both  uunfinBod 
and  extondod,  at  well  oa  oorreotod,  in  suma  cases,  tha  pcwioaa 
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loMnined  by  Erdmann;    still  more  recently,  Hofmann  and 

Bit  have  greatly  extvaded  our  knowledge  of  llie  deri>'utiTcc 

'  indigo. 

Indigo  is  oVit.tined  from  rarioas  plants,  chiefly  of  the  genus 

ndif/ofrra,  as  I.  tinctoria,  anil,  arftntlea,  &o.,  but  also  of  other 

«3  ^V*riM;n,  Italif,   Pen/iilaria,    Gymnema,  Pulyyonum, 

lia,   Amorpha,    and  others.      In  the  juie4.>  uf  the  plants, 

in  the  furm  of  a  colourless  soluble  compound,  probably 

compound  of  white  iodigo  with  an  alkali.     When  expo^d  to 

I  air,  it  is  converted  into  the  blue  compound,  and  becomes  at 

be  same  time  insoluble,  j<ist  as  in  on  ortiticial  solution  of  white 

reduced  indigo  in  on  alkali.     The  manufacture  of  indigo  is 

Dt  thoroughly  understood,  but  it  wonld  appear  that  ammonia, 

irell  as  air,  contributes  to  the  formation  of  the  colour,  pro- 

tbly   by  converting  into  white  indigo  some  compound  present 

I  the  fresh  juice,  the  nature  of  which,  however,  is  still  uncer- 

in.     In  the  Antilles  and  in  the  East  Indies,  the  leaves  are  made 

I  ferment  in  water,  during  which  much  ammonia  is  formed,  and 

be  indigo  is  fuuud  in  the  solulde  stale,  ready  to  become  blue  and 

tblc  by  absorbing  oxygen.    But  in  North  America,  the  dried 

are  infused  in  warm  water,  or  boiled  with  water,  till  tlio 

aes  green,  when,  on  ex|)osure  to  tlie  air,  it  de[>08ita 

Kble  indigo.     Here  the  same  change  must.,  in  great  part 

st,  have  taken   place  during  the  dicing,   as  during   the 

ntation  of  the  other  process. 

The  indigo  of  commerce  is  a  deep  bine  powdor,  often  cohering 

in  cakes,  and  cxhiliiting,  when  polished  by  rubbing  with  the  nail 

or  any  hard  substances,  a  coppery  cohiur  and  lustre.     It  is  taste- 

I  and  inodorous,  insoluble  in  water,  and  nearly  so  in  alcohol 

Dd  ether.     It  may  be  puriAed  by  treating  it  successively  with 

oiling  diluted  sulphuric  acid  and  with  water,  wliieh  remove  a 

Intinoui  matter;  with  aqua  potossai,  ut  a  gentle  heat,  which 

res  a  brown  colouring  matter,  and  with   boUing  alcoliot, 

takes  up  a  red  colouring  matter.     When  frt^sh   alcohol 

1  no  longer  red,  but  blue,  the  indigo  is  oa  pui«  as  it  con  be 

by  such  means. 

To  puriCy  it  still  further,  it  is  digested  with  wat-or,  limo,  and 

»p<»,  or  sttm'h  kiipir,  which  deoxidises,  or  roduees  the  indigo, 

liilo  the  lime  wmbines  with    the    reduced    indigo,  rurmiiig  a 

»[uble  compound,  of  a  wine-yellow  tint.     This  being  tilten>d  into 

[lute  hydrochloric  acid,  which  removes  the  lime,  deposits  pure 

ftdigo  OS  a  blue  powder.     Cloth  steeped  in  tile  altovo  solution  of 

ndigo,  and  exi>o»ed    Xo   tlio  air,  is  quiokly  dyid  blue,  as  the 

indigo,  at  the  luumeut  of  being  rendered  iusulublo,  ooiubiuos  with 

dbre  of  tho  oluth,  to  which  it  adheres  very  tirmly,  so  that  it 
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cannot  be  washed  awaj.  If  indigo,  grape  aagar,  soda,  u>d  ulcui 
be  digested  together  in  proper  proportions,  a  yellow  lolutiuD  U 
obtained,  which,  when  exposed  to  sir,  deposits  piue  indigo,  in 
crystAls.     (Fritzschc.) 

Pure  indigo,  when  rapidly  heated  on  a  slip  of  platinum,  vola- 
tilises, yielding  purple  vapours,  which  condense  in  purple  crystal* 
on  u  cold  surface.  These  crystals  are  called  iadigotine :  but  thry 
ore  nothing  else  than  sublimed  indigo,  and  have  all  the  chemical 
ohuraoters  of  pure  indigo.  When  distilled,  indigo  yields,  among 
other  products  common  to  all  nitrogenised  organic  mattcra,  a 
very  curious  oily  liquid,  of  powerfully  basic  pro(>ertics,  a&il 
forming  salts  with  acids  which  crystallise  with  singular  faotlilr. 
This  base  is  anitinf,  phenylamine,  or  jihenamine,  Cu  Ht  K,  ia 
which  1  of  the  3  eqs.  of  hydrogen  in  ammonia  is  replaced  bj 
phenyle,  Cu  U.:  thus  N  Hi  +  Ci.  H.  =  Ci.Hi  N.  It  ia  fo«a4 
in  the  oil  of  coal-tar,  as  well  as  in  the  products  of  distillation  of 
many  nitrogi-niscd  bodies. 

OU  of  vitriol  dissolves  indigo  with  a  deep  blue  ooloor,  fonniag 
two  blue  acids.  This  solution  is  much  used  in  dyeing.  Nitric 
acid,  chloric  acid,  chromic  acid,  chlorine  and  bromine,  all  diasotre 
indigo,  giving  rise  to  oxygeniscd  and  cliloriniaed  or  brominised 
products,  all  of  which  are  yellow  and  orange-coloured.  When 
boiled  witli  strong  aqua  {lotasste,  indigo  is  also  oxidised  and 
dissolved  in  the  form  of  new  acids. 

'Wlien  placed  in  contact  with  deoxidising  or  reducing  sgcato, 
snch  as  prutosolts  of  iron,  tin,  and  manganese,  or  honey  Bsd 
grape  sugar,  along  with  an  alkali  such  as  soda  or  lime,  indigo  is 
decolorised  and  dissolved  in  combination  with  the  aUcali.  Tfac 
additiou  of  diluted  hydrochloric  acid,  air  being  carefully  excluded, 
preoipitates  reduced  or  white  indigo. 

White  or  reduced  indiyu,  Cio  He  N  Oi ,  obtained  sa  abov* 
describi'd,  is  a  crjstalline  powder  of  a  dirty  wliitr,  which,  if 
washed  with  water  previously  boiled  to  expel  air,  and  oooUd  IB 
closed  vessels,  and  dried  in  vacuo,  is  bluish  externally,  but  gray 
within.  Tho  blue  parts  being  removed,  the  remainder  is  reduced 
indigo.  TVhea  moist,  it  very  rapidly  passes  into  blue  indi^, 
oxygen  being  absorbed ;  when  dry,  the  change  is  more  slowly 
effected.  It  is  insoluble  in  water  and  acids,  very  soluble  ia  •Ika- 
line  solutions  ;  its  solutions,  if  exposed  to  the  air,  deposit  p«n 
indigo  blue,  as  a  powder. 

The  first  accurate  analysis  of  indigo  blue  was  made  by  W 
Crum ;  and  liis  results  have  been  confirmed  by  all 
ezperimentrrs.     Tho  formula  now  adopted  for  indigo,  a*  agl««iag 
'liMt  with  its  numerous  metamorphoses,  is  one  tirst  propoaad  \ij 
Duauu,  namely,  Ci«  H*  N  Os .    This  formula  is  the  bocm  wkli 
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tnide  of  beuoyle,  or  of  benzile,  Ci«  HaOi  +  Ci  N  ^ 
H»>'0,. 

Tbe  relation  of  white  indigo  to  blao  indigo  is,  nooordin^  to  one 
ew,  the  some  on  that  uf  hvduret  of  benzoyle  to  benzoyle,  or  of 
'aUoxuutine  to  alloxan.    Thus  we  have 


Bciuojia  Co  Hi  0<  Hydaret  of  Beoiuiyle  Ci<  Hi  0>  -t-  H 
Allouui  C%  U.KsUm  Allujjuitiue  .  .  C<  U.NiOiu  .«-  H 
ladiguUaeCx  U>N   0,     lodign  wlut«      .     .  C>.  H>N  Ot     -t-  H 

According  to  another  hypothesis,  white  indigo  is  the  hydrat« 

_of  an  inferior  degree  of  oxidation  of  the  same  radical  of  which 

Itte  indigo  is  the  hi;^)ier  oxide.     Blue  indigo,   on  this  view,  is 

tio  IIsN  +  Ot,  and  white  indigo  is  a  hydrate,  Cio  HaN  +  O  +  HO. 

lis  latter  view  is  the  more  probable,  not  only  in  regard  to  indigo, 

ut  alxu  in  regard  to  alloxan,  for,  assuming  uri/le  to  be  Cs  Ni  0<  ^ 

alloxan  will  beUl  +  0*  +  4H0,  and  alloxantine  will  be  Ul 

.0+3  II  0. 

The  action  of  grajie  sugar,  in  reducing  indigo,  tells  in  favour 
the  latter  hypothesis.  For  if  white  indigo  is  blue  indigo  plus 
hydrogen,  this  hydrogen  is  derived  from  water,  the  oxygen  of 
Ijrhiob  must  have  combined  with  the  hydrogen  of  the  sugar 
I  convrrt  the  sugar  into  formic  acid,  which  is  produced  in  this 
tion).  Here,  then,  we  should  have  oxygen  leaving  hydrogen 
abine  with  hydrogen,  or,  in  other  words,  wutor  pruduoed 
decomposed  at  the  same  time,  which  is  in  the  hi;;beBt  degree 
iprobable.  To  demonstrate  tiiia,  let  the  radical  of  indigo  be 
(tuned  to  be  anyle^  Cm  lUN  ^  An  :  let  blue  indigo  be  An  Oa, 
nd  white  indigo  An  0»,  H  or  An  O,  11  0.  Then  12  cqs.  of  blue 
ndigo,  13  of  water,  and  1  of  grape  sugar,  act  on  each  other,  and, 
arding  to  the  view  which  makes  white  indigo  the  hyduret  of 
blue  indigo,  the  reaction  is  as  follows:  12  An  Oi  +  12  H  0  + 
:«  Hi.  0„  =  12  (An  0,,  II)  +  6  (Ci  H  0, )  +  6  H  0.  In  this 
planation  it  is  evident  that  6  cqs.  of  oxygen  have  quitted 
bydrogcn  to  combine  with  hydrogen.  On  the  other  view  the 
otion  is  ai  fullows,  free  from  anv  such  absurdity  ;  12  Au  0«  + 
12  H  0  +  ('.•  Hi.  Oi.  =  12  An  o',  H  O  +  6  (C,  H  Oa )  +  0  H  0. 
Jcro  the  12  e<]».  of  deutoxide  of  auyle  (blue  indigo)  lose  12  eqs. 
Dxygen,  which  are  tepliiocd  by  12  cqs,  water;  and  the  12  eqg, 
oxygen  acting  on  the  sugar,  6  cqs.  take  6  cqs.  hydrogen,  forming 
rater,  and  6  eqn.  convert  the  residue  into  formic  ueid.  The 
tudcnt  will  bear  in  mind  that  ('•  H  0>  is  the  formula  uf  anhydrous 
ormic  acid,  and  Cit  llu  On  that  of  dry  grajio  sugar. 
W*  shall  therefore  oousider  white  in<ligo  as  thu  hydraled  pro- 
'toxide  of  anyle  (Cio  H>  N,  0  +  H  O),  and  blue  indigo  u  tiie 
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anhydrous  deutoxide  (Cia  H>  N,  Oi).  White  indigo  funiu  i 
pounds  witli  bases,  in  wkicli,  no  doubt,  ils  liyJratio  w&ter  t> 
repIao«xl  by  an  equivalent  of  metollio  oxide,  aa  in  Uie  i;ea«nl 
formala,  C'u  U.  >',  0  +  U  0. 


ACTION  or  BCLrnuBic  acid  on  IXDlnO 

Wlioii  powdered  pure  indigo  is  added  to  15  jiarts  of  (ol  of  I 
Titriul,  and  i;ently  warmed,  a  deep  blue  solution  is  formed,  wKidi  ' 
mixes  perfectly  with  water.  But  if  only  8  or  10  jjarts  of  acid 
are  used,  tlie  addition  of  water  eaitjea  the  deposition  of  a  purple 
powder,  while  a  blue  solution  is  obtained.  The  puri>le  powder, 
which,  although  insoluble  in  dilute  o^iid,  is  soluble  in  puns  water, 
is  sul[iho|nirpurio  acid  ;  the  blue  solution  oontiiius  two  add*, 
sulphoimli^olic  nnd  hyposulphoindi^otic  acids.  When  neutra- 
lised with  potash,  these  acids  form  salts,  which  separate'  from 
the  li({uid  when  it  is  saturated  with  any  alkaline  salt,  such  u 
acetate  or  carbonate  of  potash.  The  two  blue  salts  maj  U 
Aeparated  from  caoh  other  by  aloohol,  but  the  oora|Kmition  of  th* 
liy]x]sulphoiudigotute  of  potash  is  not  known.  Thi'  sulpbo- 
indigoiate  appears  to  be  striotly  a  hyposulphoindigotate,  and  its 
formula  is  in  all  probability,  Cia  □«>'  Oi,  t)tO>  -f  K  0.  Ii«r* 
the  iudiifo  has  lost  1  eq.  of  hydrogen,  and  the  2  eqs.  sulpburie 
acid  1  eq.  oxyi;cn.  Dumas's  view,  according:  to  which  the  (alt  is  • 
B.  double  suljibate,  analogous  to  sulphovinate  of  potash,  Cu  B  •  ' 
M  0,  S  O,  -f-  K  0,  S  0> ,  is  not  supported  by  the  chemical  rela- 
tions of  these  substances.  Dumas  conjectured  that  indigo  bine 
wiis  anolof^us  to  alcohol,  and  that  its  formula  was  Cis  II«  N,  0 
+  II  0,  the  body  Cis  H«N,  0  being  analogous  to  oxide  of  etbyio. 
But,  as  already  stated,  this  view  is  for-fetohed,  and  dooa  not 
agree  with  the  chemical  relations  of  indigo.  It  would  moka, 
f..r  example,  white  indigo  Ci.  II.  X,  O+II  -h  H  0  or  C,«  N  II4  -I- 
2  II  O,  both  most  improbable  formuls. 

The  blue  solution  of  indigo  in  oil  of  Titriol,  if  diluted  ud 
digu«t«d  with  tianuel  or  wouUen  cloth,  is  entirely  deprired  of 
blue  colour,  while  the  olotb  is  so  effectually  dyed  that  the  eolotir 
cannot  be  washed  out.  It  can,  however,  be  dissolved  from  tlia 
cloth  by  carbonate  of  ammonia,  and  by  this  means  the  sulpho- 
indigotatcs  of  ammonia,  and  from  these  the  other  aalta  cf  tha 
blue  acids,  are  prepared. 

The  sulphopurpurio  aeid,  according  to  Domaa,  contAiai  tiw 
dementi*  of 'J  (•({».  sulphuric  avid  and  3  eqa.  indigo,  and  nvutnt- 
lt!H«  only  1  ei|.  of  base.  Out  the  indigo  in  it  has  probably  iott 
lifdrogeu  (wUilo  the  acid  has  lo»t  oxygen),  or  hydiogea  and 
oxygen. 
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/fadiM,  Cia  III  K  0«.  This  interesting  oompoand,  which  is 
blue  indigo,  plus  2  eqg.  oxygen,  is  formed  by  digesting  indigo 
ttluDg  with  water,  sulphuric  acid,  and  bichromate  of  jxitash,  or 
bv  beatiag  indigo  with  weak  nitric  acid.  It  dissolves,  and  the 
Dolution  on  evaporation  dc[)osits  aurora-red  crystals  of  iaatine, 
t)>iiringly  soluble  in  cold  water,  more  soluble  in  hot  water,  and 
in  alcohol.  Hy  the  action  of  chlorine,  it  yields  two  compounds  in 
rhioh  hydrogen  is  partially  replaced  by  chlorine.  It  may  be 
lisfd  if  heoted  on  a  plate  of  metal.  When  acted  on  by  a 
solution  of  potash,  isatinc  is  di&solved  with  on  intense 
colour,  which  on  addition  of  water  and  evajioration 
changes  to  yellow,  and  the  liquid  deposits  pale  yellow  crystals, 
which  contain  potash,  united  to  a  new  acid,  isatinio  acid,  formed 
from  isatino  by  tliu  addition  of  1  eq.  water.  When  separated 
from  it«  halts  by  stronger  acids,  isatinio  acid  is  at  once  resolved 
into  isatine  and  water ;  but  if  isatinato  of  lead  be  decomposed 
bv  sulphuretted  hydrogen,  and  the  liltered  solution  evaporated 
spontaneously  in  vacuo,  the  acid  is  obtained  as  a  white  floooulent 
powder,  which,  when  dissolved  in  boiling  water,  instantly 
becomes  red,  and  the  solution  on  cooling  deposit§  crystals  of 
isatine.  Isatinio  acid  is  Cm  Ha  ti  Ot,  HO.  Its  salts  have 
the  formula,  Ci«  Ho  N  0» ,  M  0.  The  violet-coloured  compound 
first  formed  when  isatiue  acts  on  potash,  is  a  compound  of  isatine 
and  potash,  which,  when  heated  with  water,  soon  passes  into 
isatinate  of  pota&h. 

With  sulphurous  acid,  or  rather  sulphites,  isatine  forms  salts 
of  the  formula,  Ci«  H»  N  0» ,  2  S  0»  -|-  M  0 ;  which  may  bo 
formed  also  by  the  action  of  sulphurous  acid  on  isatinates. 

By  the  action  of  chlorine,  isatine  is  converted  into  two 
compounds,  chlorisatine  and  biohlorisatine.  Wh;n  chlo- 
rine is  passed  through  isatino  or  indigo  suspended  in  water, 
both  these  compounds  arc  formed,  and  they  are  separated 
by  crystallisation,  cblorisatino  being  the  least  soluble  of  the 
ro. 

CMoritatine,  Ci«    }  (,]'  N  0* ,  forms  transparent  orange-yellow 

led  prisma,  iiomorpbous  with  isatine,   and  very  analogous 
It  in  all  respects.     When  acted  on  by  potash,  Uiere  is  first 
Dad  a  deep  rod  solution,  which  when  heated  soon  beoomos 
roUow,  anil  on  cooling  deposits  brilliant  pale  yellow  crj-stala  of 

orinUiuntv  vfjuilath,  C\*   \  ^  ,.*  N   Ot ,    K    0,    a  salt  porfeoUy 
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anaIofi:ou8  to  iaatinate  of  potash,  and  oontaintng  an  acid,  ohlur- 
isatinio  acid,  wliioli  is  ohlorisatioe,  plus  1  eq.  wat«r,  (in  U>  CI 
N  Ot .  Like  isatiuio  acid,  wbea  aeparated  from  ita  wlu  it  i> 
speedily  resolved   into  cblorisatine  and  wat<<r.      Ckhrualuuti 

of  silver,  Cm    j  q^  ^   0>,  Ag  0  forms  yoUow  orystals,  mIbUi 

in  hot  water.     ChhriiatinaU  of  baryta,  Cie    j  -,.*  K  Oi,  B*  0, 

4-  3  aq.  forms  golden  yellow  tables.     ChloritatinaU  of  had,  C» 

p.*  N   0» ,  Pb   0,   when   first    precipitated   from   the  salt  of       1 

potash  by  nitrat«  of  lead,  fumu  a  gelatinous  yellow  precipitUc, 
which  soon  becomes  floooulent,  acquiring  a  splendid  scuUt 
colour.  The  red  salt  is  orystalline,  the  yellow  amorphous. 
Chlorisatinate  of  copper  forms  at  first  a  brownish  yellow  bulky 
precipitate,  which  soon  changes  to  a  heavy  granular  blood-red 
powder. 
Like  the   isatinates,  the    chlorisatinate*    combine    with  aal-^ 

phurous  acid,   forming  salta  of   the   formula,  €>•   4/..*  NOtjH 

2  8  Oi  +  M  0.      In  short,   the   analogy  between  isatine  and 
ohlorisatine,  isatinat«s  and    ohlorisatiaates,  &c.,  is  sitoh  as 
furnish  a  very  beautiful  example  of  the  substitution  of  chlurini 
for  bj'drogen,  whilt>  Uie  type  or  chemical  character  of  Uia  atm-, 
pound  is  unallectcd,     In  bichlorisatine,  we  shall  see   as  add 
tional  example  of  tlie  same  truth. 

ceding  oomiMund.     It  is  mor«  soluble  than  ohlorisatine,  bat 
otherwise  remarkably  similar  to  it.     With  aqua  potaasn  it  I 
forma  a  deep  red  solution  (here,   as  in  the  cose  of  iaatina 
ohlorisatine,  a  compound  of  it  with  potash),  which,  when  I 
changes  to  ycUow,  and  on  evaporation  yields  yellow  so 
salt  composed  of   potash    and    bichloritatiuic  acid.     The 
may  be  separated  by  stronger  acids  as  a  yellow  powder,  whic 
when    dissolved    and  wanned    is    resolved    into    bichluriaat 

1^,^  N  O,,  n  0.    The 

baryta,  Cia   '.  p.*  N  0>,  Ba  0,  forms  golden  yellow  needle*. 

•alt  of  eojtper  is  at  first  bulky  and  brown,   bnt  aoon 
greenish-yellow  and  crystalline,  and  finally,  a  heavy  grant] 
powder  of  a  fine  carmino-red  colour. 

Ilichlorisatino  with  sulphites  forms  compounds  analogwia   to 
those  above  mentioned  of  isatine  and  cblorisatine.     In  Mum  ( 


BicMorisaline,    Cir 


is  formed  along  with  the  | 


and  water.     Its  formula  is  Ci« 


The 
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erefore,  the  type  is  perfectly  retained,  although  2  eq».  of 

Irogen  of  isatine  have  beea  replaced  by  chlorine. 

I  Bromine  acta  on  isatine,  and  forma  two  compounds,  bromisatine 

[bibromitatine,  entirely  analogous  to  chlorisatine  and  biohlori- 

oe,  Ibnning  bromitatinie  and   bibromiiatinic  acids,   and  also 

Bounds  with  sulphites  analogous  to  those  just  mentioned.    We 

^re,  therefore,  from  isatine  and  isatinic  acid,  by  substitatioD, 

I  following  compounds : 


Iskline 

Iwtinia  Acid    .         .     . 

Ci.     H.  NO. 
Ci«     H.  NO. 

+  no 

ChloriuUoe 

C..{^-NO. 

ChlotissUnic  Acid     .     . 

0,.  {ll  NO. 

+  H0 

Bichloruatine 

C..{«-NO. 

Bicblarifiatinio  Acid  .     . 

C.  {S;  NO. 

+  H0 

Bromisatine 

c,.{f;No. 

Bromisatiiiio  Acid    .     . 

C„  {^  NO. 

+  HO 

Bibroniiaatine 

o..{^;no. 

Bibrumisatinid  Acid  .     . 
ImliooiiDlphites     . 

c,.{^;no. 

C.     H.  NO. 

+  HO 
,280.  +  M0 

Chloriutinocnlphitei 

C.  ■[  ^,'  N  0. 

2S0.  +  M0 

Biehloriiatinoenlphites  . 

0..  {c^  NO. 

SS0>+M0 

fttaaisaUooaalplutei     . 

C..{H;  NO. 

2S0.  +  M0 

Bibromiiatinosulphites  .     Cic  |  g^  N  0.,  2  S 0.  ■)-  M  0 


!«Anann  has  lately  shown  that  isatine  when  heated  with 
Ij,  yields  aniline  (see  Anilitte),  and  that  chlorisutine,  brom- 
atine,  &o.,  when  treated  in  the  same  way,  yield  compounds  of 
Um  typo  of  aniline,  in  which  hydrogen  is  replaced  by  chlorine, 
or   both.     Some  of  these  compounds  retain   the  basic 
cr,  and  are  therefore  very  interesting,  as  the  first  oiample* 
nch  chloriiiiscd  or  brominised  bases.     A  table  of  the  oom- 
Donds  derived  by  substitution  from  aniline  is  given  under  that 
Bbataooe.     Ilcie  we  have  only  space  to  mention  that  ohlorani- 
»,  diohloraniline,  bromaniline,  and  dibromaniline,  are  crystal- 
line Tolatilu  baaes,  forming  orystalliaable  salta,  and  very  analo^na 
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to   aniline :   while    in    tricLIoraniline,  tribromkniline,  chlorofi- 
lironiiiniline,  the  basic  character  is  Lost, 

Jstitt/Je,  Ci«  Ho  N  0»  ^  Ci«  H»  X  0«,  n,  18  furmod  when  aa 
olcobulio  solution  of  isatine  is  acted  on  by  sulphuret  of  uuno* 
nlurn.  It  is  a  grey  crystalline  powder,  and  may  be  oonMdtMd  It 
represent  isatine  plus  1  eq,  Lydrugen, 

Suljihisalyde,  Cm  Ha  N  <  ^'  is  isatyde,  in  which  2  eqa,  oxyga 

ore  replaced  by  sulphur.     It  is  formed  by  the  action  of 
phnrctted  hydrogen  on  isatine  dissolved   in  alcohol,  and  ia 
greyish-yellow  amorphous  powder.     Suljihuatinr  is  the  namo 
a  compound  obtained  in  the  same  way  by  iilrdmunn,  whieb 
considers  tu  be  different  from  sulph^satydo. 

Cklorintttydt,  Ci«   <  p/  N  Ot ,   is  a  white  powder   lomawhat 

crystalline,  obtained  by  the  action  of  sulphuivt  of  ammoniua 
on  olilorisatine.     It  is  perfectly  analogous  to  isatyde.     By 
action  of  sulphuretted  hydrogen  on  chlorisatine,  a  eumpound  is ' 

formed  which  is  Cia    ■.  p.'  N  S* ;  that  is  chlorisutyde,  in  which  all 

the  oxygen  is  replaced  by  sulphur. 

Bichloritatyde,    Cm    j  p,*  N  O4  and  hibrotnisatydt,  Cm   {  2? 

N  0«,  ore  perfectly  analogcus,  in  formation  and  propeitica,  to 
chlorisatyde. 

SuljiltatatyiU,  C>a  H«  N  |  g'  is  formed  by  the  aolion  of  pvtiA 

on    sulpL^satyde,   from    which  it  differs  in  having  only  ]  (^. 
oxygen  replaced  by  sulphur.     It  is  a  white  crystalline  powder. 

Iniline,  Cm  Ha  N  Ot  ia  a  crystallised  subfctunco,  of  a  be«u< 
rose  colour,  formed  by  the  action  of  jiotaah   on  sulphfaotTdi 
along  with  the  preceding  :  or  by  the  action  of  ])otath  on 
phasatyde   or  isatyde.      In   the  lost  ease,   isatinatc  of    pol 
is  also  formed,   thus,  3  (Cm  H.  N  0, )  +  2  K  O  =  2  (K 
Cm  Ha  N  Os )  +  Cm  Ho  N  Oi .     It  is  sulphcsatydo  mintt$  3  eq*.' 
sulphur,  and  is  also  isomeric  with  white  iudigo.     It  is  dcMin- 
posed  by  nitric  acid,  and  by  bromine^  which  give  ria«  to  iwv 
piodaots. 

When    indine,    moistened    with    alcohol,  ia  covered   with 
Inlcewami  solution  of  potash,  it  forms  a  black  solation  wliiah 
few  moments  becomes  a  aemisolid  mass  of  block  necdica,  « 
arc  a  oom|Kiuud  of  potash  with  indine,  or  rather  with  indini* 
on  acid  furmi'd  from  indine,  like  isatinic  ueiii  'ic,  by  tW 

aasimilation  of  1  cq,  water,  and  which  is  Terj  <      .  :u  naotfti 

into  indine  and  water, 
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■indine  is  a  yellow  crystalline  oompound  forincd  by  Leating 

■uljibiisatyde,  or  isatyde  with  potash.     Its  comjiOHition  i» 

lu  K>  0> ,  that  ia,  2  oqs.  iodine  plut  1  eq.  water  :    and  wbea 

;ly  heated,  it  is  resolved  into  iodine  and  water.     It  ia  not 

oonnpoved  of  these  substances,  however,  for  it  forms  with  potash 

•  white  salt,  hydrindinate  of  potash.  The  acid  in  this  salt  appears 

to   be   fortaed,   like  some   of    those   already  described,   W  the 

Edition  of  water  to  hydrindine  ;    its  formula  is  probably  C)«  Hit 

|«0>,  2  HO. 

Aitrindiiu,  Cia  Ht  Ni  O? ,  is  a  beautiful  violet-coloured 
powder  formed  by  the  action  of  nitric  acid  on  indine  and  by- 
drindinc.     It  ia  indine,  in  which  2  eqs.  hydrogen  ore  repUo<Nl, 

I  ^*      ) 

one  by  oxygen,  the  other  by  nitrous  acid  ;    Cn  J  N  0«  J   N  0» 

CMorindine,  Cu>  j  ^j*  j  N  Oi  +  2  H  0,  ia  a  powd«r  of  a  dirty 

olet  oolonr,   formed   by  the  action   of  heat  on   chloriwitydn. 
I^ous    compounds    are    obtained    from   biehloritatyd^   and 
r'.it»ifaty<h.    Bichloriodino  is    like   chlorindine.      IJibromin- 
ao  is  a  xery  dark  red,  and  dissolvos  in  alcoliol  with  a  fine  purple 
~eoloor. 

The  action  of  potash  on  isatyde  appears  to  be  the  type  of  it* 
action  on  chlorisatyde,  bromisatyde,  bichlorisotyde,  and  bibro- 
aiaatyde.  When  isatyde  is  acted  on  by  potash,  it  yields  isatino 
ktinate  of  potash);  indine  (or  indinate  of  jiotash),  and 
line  (or  hydrindinate  of  potaah).  6  eqs.  isatyde,  6  (Ci« 
»)  are  equal  to  4  eqs.  isatine,  4  (Ci«  H«  N  0»)  +  2  eqs. 
,  2  (Ci»  Ha  N  Oj  )  +  4  eqs.  water :  or  they  are  equol  to 
4  eqa.  isatino,  4  (Ci»  H«  N  0. )  -f  1  eq.  hydrindine,  (Csi  Un  Nt 
0»)  -f  3  eqs.  water.  Both  changes  probably  occur,  and  the 
three  compounds,  isatine,  indine,  and  hydrindine,  alike  take 
up  the  vlcucnta  of  water  to  form  tlie  acids,  which,  to  avoid 
oooftiaion,  are  not  here  expressed.  Now  there  is  good  reason 
to  believe  that  precisely  analogous  ohaugus  occur  when  potaeh 
aola  on  bichlorisatyde  aud  on  bibromisatyde,  each  yielding 
thice  oorretponding  compounds  and  the  three  acids  derived  from 
tboM.  The  reader,  by  strictly  following  the  analogy  of  the 
fivfn  above  for  the  action  of  j>ota8h  on  isatyde, 
Ij  b«  able  to  oonstruot    the  equations  fur  the   other 

„on»  cases. 

When  sulph^satyds  ia  acted  on  by  bisulphite  of  ammonia,  there 
ia  fomed  among  other  products  not  ^llly  invcsUpated,   a   salt 
lonnad  of  ammonia  united  to  a  new  acid,  talphhalanoHS  acid, 
lito  ditfurent  from  the  acid  in  the  salts  formed  when  isatine  is 

&  1^1 
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toted  on  by  sulphites.    This  oew  aoid  is  Cu  H<  N  0>,  3  80t 

H  O,  or  perhaps  rather  Cu  H«  N  |  g  g  q     |  +  H  0 :   tlut  is  •al- 

ph^satyde,  in  which  the  2  eqs.  of  sulphur  have  been  replaeed  bf 
2  cqs.  solphuroua  acid. 

The  action  of  bisulphite  of  ammonia  on  salph6satyde  nme- 
times  gives  rise  to  the  formation  of  different  product* :  vaoog 
others,  to  an  insoluble  white  powder,  Uatan,  Ci<  He  X  0> ,  whieh| 
when  hoated,  yields  isatine  end  indine;  3  {Ci«  H«  N  0») 
C.«  H.  N  0»  +  2  (Ci.  He  N  Oi )  +  H  0.  Both  indine  ani 
nitrindine,  when  acted  on  by  bisulphite  of  ammonia,  appear  to 
produce  compounds  analogous  to  those  derived  from  sulpbfaMtyd*. 

Chlorindopten  is  the  name  given  by  Erdmann  to  a  volatib 
or}'stalline  substance,  formed  along  with  chlorisatine  and  bieUo- 
risatine,  when  chlorine  acts  on  indigo.  When  the  chloriniand 
inosB  is  distilled  with  wat^-r,  this  sub&tanoe  passes  over  in  whits 
crystals,  which  are  acid,  and  evidently  a  mixtxire  of  two  mb- 
itanocs.  'VSHien  this  chlorindopten  is  heated  with  potaah,  a 
neutral  substanoo  passes  over,  in  white  crystals  similar  to  tk* 
original  ones ;  this  is  trichloranitint ;  while  the  potAsh  nyUditf  an 
aoid  of  a  disagreeable  odour,  ehlnrojihenuie  acid. 

Chlorophenisic  acid,  Ci>  Hi  CU  0,  H  0,  it  leporatad  fnn 
its  potash  salt  by  acids,  as  a  white  flocculent  maXbet  of  a  vtiy 
disagreeable  odour.  Laurent  has  identified  it  with  the  acid 
derived  from  oool-t&r  by  the  action  of  chlorine,  and  makca  iti 

formula,  Cu     |  ru  I  ^>  ^  ^'  ^^^  ''>  trichlorooarbolio  aoid.    H* 

Tolatile  white  crystals  arc  fricA/oramVinfjCii )  nu  |  ^  (Hoifiaanii). 

By  the  farther  action  of  chlorine  on  chlorisatine  or  bichlori- 
■atiue,  dissolved  in  alcohol,  new  compounds  are  funned,  anwaf 
which  are  chlorinued  chlorindopUn,  which,  like  chlorindopten,  i> 
a  mixture  apparently  of  triohloraniline,  with  an  aoid,  Cia  Cli  fJ 
n  0 ;  which  is  the  chlorophtnutic  acid  of  Laurent.  This  aeid 
accouipanied  by  chloraniU,  Cit  Cl»  0» ,  a  neutral  body  in  ri 
golden-yellow  scales,  soluble  in  hot  alcohol,  which  is  alto  dafi' 
from  the  oil  of  coal-tar,  or  rather  from  the  hydrate  of  phenyl*  »r 
carbolic  acid  of  that  oil,  from  which  chlorophenisic  and  ohlaiv- 
phenusic  acids  are  obtained. 

Chloranile  di.ssolres  in  weak  potash  with  a  deep  purple  ooloVi 
and  the  solution  deposits  dark  purplish-red  crystals,  ininipnirf 
of  potash  and  a  new  aoid,  chloranilie  aeid.  This  acid  fonas 
•oarlet  or  yellow  crystals,  according  as  it  contain*  water  nf 
orystullisation  or  not.     lu   formula  is  Cu  Cls  O,  2  H  0,  or 

c  CI  o, ,  n  o. 
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Whtu  chlonnile  U  mtmi  am  b]r  i 
forming  a  blood-red  Mlatioii,  wUifc 
OftAMlt  ot eJUoramOammmm^  OE»  X  a  0>  -t-4af.=Ci  QOt  4- 
X  H*  -f  4  ■!}.  It  di«alT«a  in  wtAtr  vith  m  fupla  solear,  aai 
when  •  Mturated  stlBtim  i*  mixed  witk  kydndWie  add,  it 
dcpent*  T«ry  briUi«mt  blade  ]M«dka  of  gxMt  kngllu  Thet  arc 
■  DOW  componnd,  eUeramiImm,  CiiCliHi  KOa  =  CtaCUO«-f 
tliat  is,  2  cqi.  of  cUomalBHBae,  2  (C>  CtOb,  X  &)=: 
da  0«,  K>  Um;  mmM  1  (^  amMaia,  X  H*.  Both  tham 
ada  give  precipiUtea  wkh  airtallio  foIotiMia,  wUeh  an 
I  from  both,  but  distuict  bom  tham  faaad  bj  ddoraBSia 
sd  or  ita  salts.  Chlptiiiiriawwiiii,  aeoordiag  ts  Lafcat,  ia  dM 
awinania  salt  of  an  add  aadda.  ChtowilaM  it  tk*  acid  amida 
iUeU. 

By  the  adioD  of  ammonia  on  iwrtna  there  are  {irodiieed  aeiwal 
new  oom]toiinds,  Tu-ying  vith  the  atxeagth  of  the  atmiwniia,  and 
the  men»traum  emplojed.  In  tbeae  eempoiwds  oxygen  i*  refiiaeed 
~'     amide,  X  iii ,  or  imide,  which  ia  hoe  J  X  H  =c  Im. 

Jmetaliiit  is  formed  when  dry  ammonia  >■  paaaed  through  an 
holio  aolution  of  isatine.     It  forms  line  deep  yellow  crystals, 

i  formula  of  which  is  Ci«  Ha  X,  0.  =  Ci.  Hi  ^'  {  ^,  • 

Ivuuatint  is  formed  when  aqua  anunoniiE  acts  on  a  solution  of 
iiatioe  in  alouhoL    It  b  a  greyish-yellow  crystalline  sabstano*! 

be  fonnulii  of  which  isCj*  H»X  ■<  .  *  ? 

tatinic  acid  is  formed  along  with  the  preceding,  and  is  dia- 
alung  with  ammonia.  By  the  addition  of  an  acid  it  ia 
ited  as  a  beautilul  scarlet  crystalline  powder,  soluble  in 

ohol,  which  deposits  it  in  splendid  tabular  crystals  similar 
auhlimrd  periodide  of  mercury.  It  dissolves  sparingly  in 
itii   a  ^nolct  colour,   and  thi-sc  solutions  deposit  viulet 

OTftala.    luformula  isC.  n,  n|^^].  +  HO, 

Amanatinf  is  formed  along  with  the  two  preceding  bodies.  It 
haa  a  fine  yellow  colour,  and  dissolves  in  acids  with  a  %-iolrt  ouluur, 
a{tparcntly  ]iasting  into  imosatinio  acid.     Its  formula  is  Cia  lit  N 

{^  }  +  nO(Ad  =  X  n,=  amide). 

The  analogy  between  ohiorisatino,  Sio,,  and  isatine,  holds  in 
Mgtrd  to  the  action  of  ammonia  on  tlicm.  Ily  the  action  nf  dry 
aoHBonia  on  an  alcoholic  solution  of  cliliirisatine  there  is  formed 
a  yellow  crystalline  compound,  analogous   to  imcsutiue.      It   is 

0«Uad  Jmechloriialinair,  and  its  formula  is  Ci«  |  q*  f  N  <  jT 
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ItnachlvrisatinaM  is  analogous  to  imasatine.  Its  (omnia  b  Cbi 
•j  ™*  [  N  I  T^      It  forms  brownish-yellow  crystals. 

Imabromisattnese,  formed  by  the  action  of  dry  ammonia  OB 

bibromuatine  in  alcohol,  is  Cn  |  g'    }  ^  1  v'r      It  is  a 

orange  crystalline  powder. 

We  havB  now  briefly  run  over  the  catalogue  of  the 
remarkable  compounds  derived  from  indigo  by  the 
sulphurio  acid  and  bichromate  of  potash,  which  produces 
and  by  the  action  of  chlorine  cither  on  indigo  or  on 
bromine  un  the  same,  and  of  potash,  ammonia,  sulph 
hydrogen  and  sulphuret  of  ammonium  on  the  products  of 
actions.  The  nomenclature  of  those  compounds  is  in  ■ 
imperfect  state,  and  requires  reformation,  but  this 
ctfectcd  until  the  substances  themselves  have  bo«D 
thoroughly  studied.  It  is  most  important  to  observe, 
or  through  chloronilc  and  the  chlurophenisic  acids,  the  • 
which  indigo  belongs  connects  itself  with  that  of  carbolic 
hydrate  of  phenylo  (to  be  afterwards  desoribod},  and  tills  agah' 
with  the  scries  of  salicyle.  We  have  now  to  mention  one  or 
two  products  of  the  action  of  nitric  acid  on  indigo,  whioh  aro 
common  to  all  these  series,  and,  Ulce  chloranile,  seem  likely  i» 
be  very  frequently  mot  with  as  products  of  the  dcoomposition  of 
organic  com])ounds. 

Anilic  Acid.  SrN,  Indigotic  Acid,  KHrotalieylie  Aeid,  Cu  B« 
N  Og ,  U  0. — This  acid  is  formed  by  the  long-continued  aotioa  bt 
weak  nitric  acid  on  iudigo.  It  is  also  formed  in  the  preparHtioa 
of  isatiuo,  if  the  action  be  pushed  too  for.  It  is  identical  wilh 
nitrosaUcylia  acid,  obtained  by  the  aotion  of  nitric  acid  on  sail- 
oylio  acid  or  on  solioine.  It  forms  fine  ycUowish-white  prisms, 
whioh  are  light  and  bulky,  and  shrink  much  in  drying.  It  is 
fusible  and  volatile.  By  the  action  of  strong  nitric  acid  it  i« 
verted  into  oxalic  and  picric  acids.  It  requires  ll)00  parts  of  ecU 
water  for  solution.  Its  salts  crystallise  well,  and  tlicir  gts«nJ 
formula  is  Cit  H*  N  0« ,  M  0.  The  anilate  of  oxide  of  inel 
is  obtained  as  a  crystalline  compound  by  the  moderated  ael 
nitric  acid  on  the  salicylate  of  oxide  of  metli)  le  (oil  of  Oaol: 
The  anilntc  of  oxide  of  ethyle  is  exactly  similar. 

Picric  Acid,   Srs.    Carbazotic  Acid,  Kitropieric  Acid,  Kitr*' 

phcnitio  Acid,  ^>'  { 3  v  q   |  0,  H  O.     This  ooid  is  fiinoed  hy 

■  the  action  of  nitric  acid  on  anilic  acid,  indigo,  solioine,  Mlioylit 
•oid,  hydrate  of  phenylo  or  carbolic  aoid,  coumarino,  silk,  »]«•(, 
and  other  substanooa.    It  is  most  easily   formed  from   oarboUa 


I 
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III,  saliciQo,  or  oH  of  GauUlicria,  by  the  action  of  an  excess  of 
nitric  acid  ivsaifted  by  heat.  It  is  purified  by  solution  in 
hot  water  and  rccry  stall  is  ntion.  It  forms  pole  yellow,  or  even 
white  scales  of  a  silvery  lustre.  They  dissolve  in  hot  water  with 
a  strong  yellow  colour,  and  a  very  bitter  taste.  The  acid  is 
fosible  and  volatile.  Its  salU  crystallise  most  readily,  and  all 
explode  when  heated.  When  these  salts  are  put  in  contact  with 
lime  and  green  vitriol,  blood-red  solutions  are  formed,  containing 

I      the  lime  salt  of  a  new  acid.     The  piorate  of  potash  is  so  sparingly 

^^plable,  eB]>eciiilly  in  alcohol,  that  on  olooholio  solution  of  picric 

^^pid  may  be  used  as  a  test  for  potash. 

^^  Pierio  acid  is  int<irosting  as  occurring  among  the  products  of 
the  deoumjiosition  by  nitric  acid  of  so  many  diU'ercnt  substances. 
It  is  easily  derived  from  the  series  of  phenyle,  thot  is,  from 
carbolic   acid,  Cu   Hi  0,    H  O.     Derived  from   this,  we  have 

Chlorophcnesio  acid,  Ck    i  L"  |  0,   H  0,  Chlorophenisio   acid, 
Ci»    {  ci!  }  0'  20,  Chlorophenuaio  acid,  Cu  CU  0,  H  0,  and  Piorio 

toid,  Cu  i  ..  \t  ..    y 0,  II  0.    It  is,  therefore,  carbolio  acid,  in 

wbioh  3  eqs.  of  hydrogen  are  replaced  by  3  eqs.  of  nitrous  acid. 

"WliBO  indigo  is  heated  with  concentrated  potash,   tliere   are 

1   two  new   acids :     chnjiauilic  acid,   the   composition    of 

1    is  uncertain,  and   nnthranilic  aeul,  Ci«  11:  N  0«  =  Ci« 

O, ,  HO.     The  latter  is  purified  in  the  form  of  anthranilatc 

l>ul<uh,  and  tbe  acid  separated  by  an  excess  of  acetic  acid. 

Ibnns  Iransjiarent  yellow  scales,  which,  however,  when  (jnite 

are  colourless.     It  is  derived  from  blue   indigo,   Cm   Hi 

0» ,  by  the  loss  of  2  efjs.  carbon  and  the  addition  of  2  eijs.  water. 

When  anthranilic  acid  is  mixed  with  powdered  glass,   and 

rspidly  heated,  it  is  resolved  into  carbonic  acid,  and  an  oily 

oid,  which  is  aniline,  a  very  powerful  base,  devoid  of  oxygen. 

Hi  N.      This  metamorphosis  is  very  simple;  Cu  Ilr  N  0«=s 

C  Ot  +  Cii  Ui  N.      Since  aniline  is  obtained  in  many   other 

of  decomposition  of  organic  matters  by  heat,  it  becomes 

a  subject  of  great  interest. 

.ilmVin*  is  recognised  by  its  property  of  striking  a  deep  violet 
blue  colour  with  chloride  of  lime.  It  obtained  the  name  kyanot 
from  Ibis  property.  Its  other  name,  crystalline,  indicates  its 
great  tendency  to  form  erystallisable  salts  with  acids. 

tTl»o  rtivnt  researches  of  A.  W.  Hofiuanu  have  greatly  extended 
r  knowledge  of  this  remarkable  compound.  He  has  shown 
at  it  is  beat  obtained  by  heating  isatino  with  jiotnsh,  tlius 
.  N  H,0»+4  (K  0,  H  0)  =  Ci.  Hr  N  +  4  (K  0,  C  O.)  +  H.. 
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But  he  has  also  proved  that  ita  formation  ia  not  eonfined  to  tlw 
products  of  tlie  droomposition  of  indigo,  it  being  formed  wl 
other  substances,  isomerio  with  anthrtLnilic  acid,  are  ex; 
heat  alouc^  with  bases,  such  as  lime  or  baryta.  Such  lubai 
are  talicylimide  ond  nitrololuole,  both  of  which  have  the  enipiriesl 
formula,  C'i»  Hr  N  0».  The  former  yields  little,  but  the  latl«r  i* 
entirely  resolved  into  aniline  and  corbonio  acid.  He  has  also 
fully  idcntilied  aniline  with  the  cryttalline  of  Unverdurben,  a  bass 
ooourring  with  others  among  the  products  of  distilladoa  of 
animal  matter,  and  in  ooal-tar.  It  is  worthy  of  remark  that  a 
oloae  connection  may  be  traced  between  aniline  and  carbolic  add 
(hydrate  of  phenylc).  The  latter  is  Cu  H>  0,  U  0.  Tiie  av- 
bolate  of  ammonia,  Ci«  H>  0,  N  II«  0,  minus  2  eqa.  wat«r  wonU 
yield  on  amide,  yhent/hmide,  which  would  bo  Cu  Ht  N  II«  = 
Cia  Ht  N  ;  and  this  is  aniline.  Now  in  IIofmanD's  experiment 
above  mentioned,  in  which  salioylamide  was  heated  «-ith  lime,  it 
did  not  yield  much  aniline,  but,  on  the  other  band,  it  famished  a 
large  quantity  of  carbolic  acid.  But  perhaps  the  simplrat  Tie* 
is  that  which  regards  aniline  as  an  amide  base,  that  in,  aainoab, 
in  which  1  cq.  of  hydrogen  is  replaced  by  phenyle,  Cu  H«. 
Ammonia  is  N  H«  +  H,  and  aniline  or  phenylamine  is  N  H*  + 
Cii  Hj.  It  is  therefore  analogous  to  ethylamine,  4c.,  but 
belongs  to  another  scries,  and  like  ethylamine,  it  has  several 
homologues. 

It  u  further  to  be  noticed  that  carbolic  acid  (bydrata  of 
phenyle)  and  aniline  (phenylamine)  occur  together  in  ooal-tu; 
and  that  all  the  substances  which  either  yield  one  or  other  ef 

these  ore  also  converted  into  picric  aoid,  Ci«  |  »  »  fv     |  0,  H  0, 

by  the  action  of  nitric  acid.  Thus  carbolic  acid,  indigo,  salioine, 
and  salicylic  acid,  are  all  transformed  into  picric  acid  by  exoMi 
of  nitric  acid.  The  compounds  of  phenyle,  and  many  of  it* 
deriTntives,  will  be  described  among  the  products  of  doatruottTC 
distillation. 

Hofmann  has  shown  that  isatine,  when  distilled  with  potaah, 
yields  aniline  ;  and  that  chlorisatine,  so  analogous  in  all  rospeets 
to  isatine,  undergoes  a  similar  decomposition,  yielding  a  new  baae, 
ehloraniline ;  also  that  other  compounds  may  be  formed  ooa- 
taining  more  chlorine,  but  still  belonging  to  tlie  same  series  ;  that 
bromisatine  also  yields  a  hose,  bromaniline ;  finally,  that  \>j  ^ 
action  of  ammonia  and  sulphuretted  hydrogen  ou  binitrdbintidi 
or  dinitrobenzule,  there  is  formed  a  base,  nUraniline,  in  which 
1  oq.  of  liyiln)g<'n  is  repkccd  by  1  eq.  of  nitrous  acid,  and  that  ia 
this  base  2  wjs.  of  hydrogen  may  further  be  replaced  by  bromilMi 
yielding  a  neutral  body.     The  following  are  the  formuli*  of  AM 
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luw  eompoiuids,  which,  it  will  be  obseircd,  all  correspond  with 
iniltne,  and  an;  simply  deiived  from  it  by  substitution. 


OUoniulioe 
DuUoraailiiie 

Bromaiuliiie 

Difaromauiline 

bUBtnuiiilioe 


C.i" 
C» 

Cit 

Cu 

C. 
C. 

Cu 


re, 
ici 


ChlurodibronuuiiUne  Cu 
Kitnnilioe  .  Cit 

Witrodibrom»iiiline  Cu 


}" 

{S:  }» 
{>:  }" 
}» 
}" 

}" 
{%. }» 

H.      1 
NO.   J 


fH. 

\hn 

.'H. 

Bn 

H. 

a 

Bn 


hone.  Anupheimse. 
basic  Amiv.tilophenow. 

htao,  AmaoUophsniaa. 

neutral.  Amaohlapbenoee. 

baoo.  Amabrophcneao. 

basia.  Amabroplienlac 

neatral.  Amabrophenoae. 

neutral.  Amaoblobrophena 

banc  AmanitropUenMe. 

nentraL  Amauitrobropbi 


Oar  ipaee  will  not  permit  as  to  enter  into  any  details  oon- 
oeming  the  preparation  and  properties  of  these  interesting 
eompoonds ;  but  it  may  be  remarked  that  chlorauiline  by  the 
•etioa  of  hydrochloric  acid  and  chlorate  of  ]iotash  yields 
fUotanile ;  and  that  the  same  substance,  when  passed  orer 
lim*  (bydrated  P)  at  a  low  red  heat,  yields  aniline,  thus  atfurding 
additional  proof  that  all  these  compounds  belong  to  one  series, 
and  are  different  subtypes  of  one  general  tyi>e.  Nur  must  it  be 
forgotten,  that  in  the  case  of  aniline,  ohloraniline,  and  bromanilise, 
we  have  oblurino  and  bromine  substituted  fur  hydro^^en  in  a 
boaio  oom[iound,  without  affecting  its  basio  ohnrnotera.  This 
was  tlie  first  known  example,  already  followed  by  a  multitude  of 
others,  of  a  base  fonned  by  substitution  from  anotlier  base, 
altiiough  similar  facts,  in  regard  to  uoids  and  neutral  bodies,  had 
louf  been  known. 

It  is  very  well  worthy  of  remark  that  a  certain  amount  of 
oblorine  or  bromine,  usually  so  antagonistic  to  hydrogen,  does 
not,  when  substituted  for  that  element,  destroy  the  basic 
obaractvr ;  but  that  the  cliluriiie  and  bromine  appear  to  assume 
tfi«  function  of  hydrogen.  A  large  proportion,  huwuvcr,  of  theee 
aleuenta  docs  effaou  the  basio  character. 

But  the  cxiiiteaoe  of  nitraniline  is  eyea  more  romarkaUc.    In 
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this  bodj"  1  eq.  of  hydrogen  in  aoilinc  has  heen  replaocd  b}>  1  «(. 
of  a  poncrfiil  acid,  nitrous  acid,  and  ret  the  oompouud  is  dccidedl; 
basio,  oud  retaina  tlie  type  of  aniline. 

Kitranitine  forms  fine  golden  yellow  prisms,  and  wiUi  uM» 
yields  ciystullisablo  salts.  When  aot«d  on  by  bromine,  it  yiold< 
uitrodihromaniline,  a  neutral  compound  in  which  2  more  eqa.  of 
hydrogen  are  removed  and  replaced  by  bromine. 

We  have  here  considered  aniline  cbielly  in  reference  to  iU 
derivation  from  indigo  and  isatine ;  and  the  other  dMJrtd 
bases  of  the  some  typo,  as  also  connected  with  indigo  thnragfc 
ohlorisatine,  &o.  Under  the  head  of  organic  bases,  a  few 
pages  further  on,  we  shall  describe  more  particularly  the 
Iperties  of  aniline,  and  some  others  of  its  derivatiTee,  and 
of  them  will  fall  to  be  noticed  under  the  products  of 
distillation. 

Carmine.    This  name  has  been  given  to  the  colouring  matter  of 
cochineal,  which  is  nitrogcniaed,  and  may  be  obtained  in  dork  r«! 
cryBtollinc  grains,  very  soluble  in  water  and  alcohol.     It  fcou 
vt'itli  alumina  a  beautifnl  red  lake,  well  known  as  carmin*. 
The  colouring  matter  of  cochineal  bos  been  studied  with 
core  by  Warren  do  la  Kue.     It  is  extracted  by  boiling  water 
I  cipitated  by  acidulated  acetate  of  lead,  the  precipitate  well 
f'.deoomposed  by  sulphuretted  hydrogen,  and  the  red  solution 
I  obtained  again  treated  with  lead  and  sulphuretted  hydrogWL 
I  is  now  drii-d  up  at  a  heat  not  exceeding  94°  F.,  and  {  of  the  dff 
moM  dissolved  in  boiling  absolute  alcohol.     The  remaining  \  b 
dissolved  in  water,  precipitated  by  acetate  of  lead,  and  the  pre- 
cipitate added  to  the  alcoholic  solution.     By  this  means,  the  \aA 
traces  of  phosphoric  acid  arc  separated  as  phosphate  of  lead.   Edtw 
is  now  added  to  the  alcoholic  solution,  which  throws  down  Mm* 
uotiaed  matter,  with  a  little  of  the  colouring  substance.     TUi 
L  precipitate  is  re-dissolved  in  alcohol,  and  precipitated  a  second  time 
'  by  ether,  when  the  colouring  matter  first  carried  down  remoiaj 
dissolved.  This  solution  is  added  to  the  other,  the  whole  distilled, 
and  the  residue  dried  in  vacuo.  This  is  the  pure  colouring  mottv, 
or  carminic  acid.     It  is  a  friable  mass  of  a  dark  parfjlo  brown, 
giving  a  fine  red  powder,  soluble  in  water  and  alcohol,  but  baWUy 
in  pure  etlier.  It  disiolvus  also  in  acids.  Its  formula  is  Cu  II  oOit. 
Its  solution  is  precipitated  by  alkalies,  and  also  by  alum  if  a  litUc 
ammonia  be  added,  yielding  fine  lakes. 
Nitric  acid  of  Sp.  Or.  1*4,  converts  it  into  oxalic  acid  and  nitr«- 


eoectuie  aciil,  which  is  Ci«  o  v'  /» 


Oa  -f-  2  a(|.,  appoiently  de- 


rived from  an  acid  Ci«  Hi  0*  by  replacement  of  3  eq.  of  hydrogon 
by  3  oq.  of  N  0< .     It  ibnns  ydlow  tables,  soluble  in  water,  and 
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lie  akin  yellow.    Its  aajts  arc  also  yellow,  and  detonate 

'J'hv  silver  salt  is  soluble  in  water. 

'It  will  bo  remembered  that  under  anLsio  acid,  Ci«  n»  Go,  we 

entioned  two  &oidj,  nitranisio  and  dinitranisio  acid,  in  wlu'ch 

ImnA  2  eq.  of  hydrogen  were  respectiTfcly  replaced  by  1  and  'i  e'l. 

X  0«.    The  aeid  jutt  described  has  the  formula  of  triuitr^nihio 

acid,  and  there  is  nothing  in  its  properties  inooasistent  with  the 

iLat  it  may  be  that  sabstouoe,  which  apparently  is  not  formed 

action  of  nitric  acid  on  oil  of  anise,  or  oil  of  estTogon. 

finest  crimson  and  scarlet  dyes  are  made  from  cochineal, 

'  as  the  mordant  is  alumina  or  tin. 
nfi  is  a  dye-stuff  similar  in  its  origin  and  properties  to 
umI,  but  inferior  in  beauty  of  tint.     It  is  derived  from 
hecm  ilirtt, 

red  colouring  matter  of  stiok-lac,  which  is  also  used  as  a 
re,  has  similar  pro[>erties.     Lac  is  produced  on  certain  ploata  by 
tho  puncture  of  an  insect. 


AcnOIf  OF  STTBIC  ACID  OJT  U/mK, 


action  so  muob  resembles,  in  some  points,  tho  action  of 
acid  on  indigo,  that  it  may  be  properly  montionod  here, 
is  the  well-known  Lnspissated  juice  of  certain  species  of 
and  in  very  bitter  and  purgative.  The  nature  of  its  active 
iciplc  is  still  unknown  :  but  when  heated  with  nitric  acid  it 
a  ycUow  bitter  substance,  which  is  converted,  by  the 
ftotion  of  the  acid,  into  two  crystalUsuble  acids,  olirys- 
and  olirysolepio  acid.  The  artilicial  bitter  of  aloes  appears 
to  be  formed  of  two  acids,  oloetic  and  aloeretinio  acids,  which 
fbrm  red  salts,  but  the  composition  of  which  is  not  exactly 
Btocrtained. 

Chrytammi'c  Acid,  Ci»  II  \i  On,  H  0,  is  obtained  as  a  yellow 
cipitat<<,  when    water    is   added    to  tho  solution  obtained  by 
'  "»  with  excess  of  nitric  acid.     It  is  purified  by  being 
uitli    potash,  and  this  salt,  after  recrystaUinalion,  is 
veil  in  hot  water  and  decomposed  by  diluted  nitric   acid. 
Vb»  ebiysammio  acid  is  dejiosited  as  a  powder  funned  of  golden- 
yellow  shiuiug  seuli'!!.     Its  solution  is   of  a    fide    purple,      All 
its  iolto  are  uryittalliituble  and  of  a  doep  red  colour,  frequently 
en    n-flpotiyn,    like  murexido.     The   ohrysammatc   of 

fonna    dork    green   crystjils,    which,    when    dissolved 

id  noted  on  by  nitric  acid,  deposit  brilliant  black  soalos, 
ich  arc  not  ehrj-soinmio  acid,  but  are  transformed  into  it 
len  boiled  with  aoids  or  bucos.    The  solution  of  ohrysammato 
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I  of    ammonia    gives    with    metallic    tails    peculiar    prccipi) 
I  distinct  from  those  formed  with  the  same  aalta  bj  eluY»nmmat>i 
potash. 

Chrynolepie  Acid,  Cia  Hi  Ka  Oi>,  H  O,  hoa  the  formula  and 
many  of  tlie  properties  of  picric  acid ;  but  it  is  said  bj  Schunok, 
who  discovered  it,  to  be  diiferent.  It  is  darkrr  in  colour,  and 
ita  salt  with  potash  is  much  more  soluble  tlian  (>icrate  of  potash. 
It  would,  however,  appear  that  the  two  acids  are  ecaeDtiallf  ths 
aamo ;  for  the  snlts  are  in  ^neral  very  similar,  and  sU  •zploda 
when  heated.  Now  that  picric  acid  is  recognised  aa  ao  frequent 
a  product  of  the  action  of  nitric  acid,  wc  have  no  difiioulty  in 
understanding  its  ocourrenoe  here. 

ALIUXOrDS  OB  OHOAKIC  BASKS. 

These  names  are  given  to  a  claas  of  nitrogenised  organic  com- 
pounds which,  in  tlicir  relations,  are  quite  analogous  to  ammonia, 
or  to  oxide  of  ammonium.  Thej*  are  to  bo  distinguished  fna 
such  basic  oxides  as  oxide  of  ethyle,  oxide  of  mcthjle,  ftc, 
which  contain  no  nitrogen,  and,  although  they  form  neutral  (XiB- 
pounds  with  acids,  yet  exist  in  a  peculiar  state  in  these  eon- 
pounds,  which  cannot  be  decomposed,  like  ordinary  salta,  br 
double  decomirasition.  Thus,  oxalate  of  oxide  of  elhylo  does 
not  precipitate  with  nitrate  of  lime,  and  chloride  of  cthyla  dMi 
not  decompose  nitrate  of  silver.  But  the  case  is  quit«  diiteNBl 
with  the  alkaloids ;  for  their  salts  undergo  the  same  deooBpO* 
sitions  as  those  of  ammonia. 

Most  of  the  alkaloids  are  found  in  vegetable  juic«s,  lead^  or 
roots ;  these  arc  colled  vegetable  alkalies,  and  they  are  g«iitftDjf 
the  active  principles  of  the  plants,  fur  the  most  part  poisonoua,  IB 
which  they  ore  found.  But  of  late,  organic  bcises  quite  analo- 
gous to  those  produced  by  nature,  have  been  formed  in  a  variety 
of  processes ;  as,  fur  example,  the  singular  hoses  containing 
platinum,  described  at  pp.  55  to  60 ;  the  base*  containing 
artenio,  or  arsenic  and  platinum,  mentioned  at  p.  IDS; 
the  bases  of  coal-tar,  of  which  aniline,  formed  in  several  different 
processes,  is  one ;  the  bases,  chloraniline,  &o.,  derived  fiwB 
aniline ;  the  bases  derived  from  oil  of  mustard,  (see  p.  343}  ; 
those  derived  from  the  decomposition  of  natural  alkaluida,  U 
ehinoline  and  colarnine  ;  those  formed  by  the  action  of  potMh  08 
melam,  as  melamine  and  ammeline  ;  those  produced  by  Uie  aotioit 
of  ammonia  on  oil  of  bitter  almonds  and  analogous  bodies,  sotli 
aa  amarinc.  lophine,  pierine,  and  furfuriae ;  those  formed  fcy 
the  action  of  sulphuret  of  ammonium  on  certain  nitrogoiiiasd 
bodies,  OS  aniline  from  nitrobenzole,  naphlhalidine  from  aitro- 


I 


ABTIFICUL   OROANIC   BASES. 


381 


pbthalcse,  thialdine  from  aldehydammonia,  &c.  ;  those  de- 
£roin  kroatine  by  the  action  of  acids  and  bases,  namelri 
utinine  and  siircosine ;  and  such  as  are  formed  by  the  aetion 
of  acids  and  bases  on  other  animal  compounds,  of  which  gljoooine 
is  an  example,  being  fonned  from  gelatine  bjr  the  action  of 
potash,  and  from  hippurio  acid  by  the  action  of  hydrochloric 
aoid.  The  number  of  artificial  bases  has  of  late  been  very 
greatly  augmented  by  the  discoveries  of  Wurtz  and  of  Hof- 
aann,  who  have  shown  that  an  almost  unlimited  number  of  such 
b— M,  homologous  with  ammonia,  may  be  obtained.  Some  of 
these  hare  been  already  mentioned  under  the  benzoic  and  ethylio 
teriea  of  eompuiioda,  and  many  more  remain  to  be  noticed.  Mont 
of  these  artitioially  formed  bases  are  of  very  recent  disoovery,  and 
it  is  evident  that  they  must  throw  much  light  on  the  theory  of  the 
production  of  the  natnrAl  alkaloids,  and  that  the  careful  study  of 
this  part  of  the  subject  will,  in  all  probability,  eventually  lead  to 
the  artificial  formation  of  the  natural  organic  bases. 

The  alkaloids  possess,  for  the  most  part,  very  decided  baaio 
properties;  when  dissolved  they  act  on  vegetable  colours  like 
the  inorganic  alkalies ;  and  they  neutralise  the  strongest  acids 
completely,  generally  forming  crystallisable  salts.  Most  of 
them,  at  the  ordinary  temperature,  are  expelled  from  their  salts 
by  ammonia,  but  many  of  them,  at  the  heat  of  boiling  water, 
expel  ammonia  from  its  salts,  owing  to  tiie  volatility  of  the  latter 
•IkaU. 

^■^Their  basic  properties  ore  not  derived  from  tlie  oxygen  they 

^Hitain,  for  no  variation  in  the  amount  of  that  element  affects 
their  neufralisinfj  power.  On  the  other  hand,  there  is  every 
reason  to  hvlieve  that  their  basic  character  depends  on  the 
nitrogen  they  contain ;  for  they  all,  without  exception,  contain 
nitrogen,  though  several  are  devoid  of  oxyi^en.  Moreover, 
BUMt,  if  not  nil,  of  those  whiuh  have  been  formed  artificially,  are 
prepared  with  the  aid  of  ammonia,  or  some  compound  of  am- 
monia, or  amidogcn.     Before  proceeding  to   describe  them,  we 

^^all  premise  some  general  observations  on  the   formation  and 

^Kutitution  of  artificial  organic  bases. 

OK  THJ!  V0R1CATI05  AKO  COXSTITXTTIOK  OP  ABTIPICTAJ. 
OBO&iriC  BASES. 

Within  the  lost  few  years,  this  is  the  department  of  organic 
ehemistiy  which  has  made  the  greatest  progress,  and  has  yielded 
Iha  most  surprising  restilts.  Several  theories  had  been  started 
■a  to  tlie  constitution  of  the  natural  alkaloid*,  and  Herzelius 
wannly  wlvooated  one  of  these,  namely,  that  the  alkaloids  were 
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coupled  compounds,  in  whioh  ammonia  was  coupled  with  oQie 
coinpoundfi.  Taking  aniline,  Cii  Ur  N,  as  on  cxain[ile  (far 
aniline,  although  an  ortiBcial  base,  is  olusily  analugoiu  to  nles- 
tino  and  coneine,  which  are  natoral  bases),  Bcrzclius  coDceived 
aniline  to  be  ammonia  coupled  with  Cii  H«;  thus  (Cii  n<)  -f 
N  Ha=  Ci9  Ht  N.  He  supposed  its  nentrolising  power  ts 
depend  on  its  ammonia  just  as,  in  a  coupled  add,  the  attmdwd 
copula  has  no  influence  on  the  neutralising  power.  As  oU  ium 
contained  nitrogen  and  h;rdrogen,  this  view  was  possible,  allhosgli 
none  of  them  gave  any  signs  of  containing  ammonia  readj  fonntd. 
On  this  and  on  other  accounts,  Liebig  objected  to  this  view,  tod 
proposed  another,  namely,  that  the  organic  bases  were  bodies  is 
which  amide,  K  Hi ,  was  combined  with  some  com{>ound,  repUcia; 
the  third  equivalent  of  hydrogen  in  ammonia.  To  this  ha  was  led 
by  considering  ammonia  as  the  hyduret  of  amidog«n  or  mmidc ; 
a8NHi-(-H=AdH^XHj.  Hence  he  viewed  aniline  u 
amide  plu»  phenyle,  Cn  Ha .  N  Hi  -f  Cii  Ho  =  Ad  Ph  =  Cu 
Ht  N.  And  in  a  memoir  published  in  1839,  he  ventund  ta 
predict,  that  means  would  be  fonnd  of  substituting  oUier  com- 
pound  radicals  for  the  third  atom  of  hydrogen  in  immaaia. 
Nay,  be  wout  so  far  as  to  say,  that  if  over  the  radioaU,  athylc 
and  methyle,  should  be  thus  substituted  for  hydrDgea,  ikt 
resulting  compounds  would  be,  without  the  least  doubt,  bodfai 
perfectly  analogous  in  properties  to  ammonia ;  that  is,  powadU 
volatile  bases,  but  less  volatile  than  ammonia.  A  more  remadt* 
able  prediction  was  never  ventured  in  chemistry,  and  it  biu  bsM 
absolutely  fulfilled  ;  for,  in  1S49,  Wurtz  obtained  the  ptedloltd 
compounds,  methylomine,  Ci  H>  N  :=  Ad  Me,  and  ethyl«miA*,  Ct 
H«  N  =  Ad  Ac,  and  found  them  to  be  precisely  what  LMrif 
had  anticipated  ten  years  before ;  indeed,  so  like  »nmi«MfB^  tlMt 
it  is  now  certain  that  these  bases  had  frequently  ooouirod,  tad 
been  taken  for  ammonia,  from  the  resemblance  of  their  null  U 
that  of  ammonia.  This  remarkable  discovery  of  'V\'urU  hai  M 
to  the  further  discovery,  both  by  himself,  by  Hofnunn,  ud 
others,  of  a  vast  numl>er  of  similar  bases.  liesidvs  this,  in  tha 
interval  between  the  prediction  and  its  fulfilment,  many  othta 
had  been  disooverod,  chiefly  by  Hofmann,  all  of  which  tended  to 
establish  Liebig's  views.  Such  were  the  substitution  bases  frxHft 
aniline  (see  p.  376),  the  bases  homologous  with  aniline,  toluidiaa, 
cumidine,  ftc,  and  others,  so  that  the  theory  of  Liebig  bMUM 
at  last  firmly  established.  But  the  march  of  discovery  did  not 
atop  here,  for  Hofmann  soon  ascertained  that  it  applied  only  to 
on«  class,  a  very  large  class  of  artificial  bases,  and  that 
oonld  be  formed,  in  which  no  amide  was  or  could  be  pr«MnC 
•hort,  it  appeared  that  not  only  the  third  eq.  of  hydrogen  ia 
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,  bat  with  it  one  or  both  of  the  othert,  mig^t  be  replaced 
'  very  manj  radicals,  without  destrojing  the  basic  chonetcr. 
Bofinanji  thus  established  the  existenee  of  three  distinct  seriea  of 
bate*,  all  derived  from  ammonia  b^  vobctitution,  and  all  onalo- 
pms  to  it  Ln  properties,  being  volatile  baae*.  If  we  make  X,  Y, 
and  Z  anj  three  compound  radicals,  whether  of  the  same  or  of 
difleNBt  aeries,  then  we  have 


r 

I 


Amide  base* 

.  NHs 

-t^  £  CE  bmag  aitha-  hrdrosen  or  a  eompoaad 

ndieaL) 

.  NH> 

+  H 

If  e*  faMCs  ■ 

.  KH. 

+  I,  or  N  Hj  +  T,  or  N  Hi  +  Z 

Imide  hmt* 

.  NB 

■«-  Rt  (KH  =  Imide) 

Ammuuiii    . 

.  KH 

+  H. 

Krw  bMcs  . 

.  NH 

♦  XT,orNH  +  YZ.orNH  +  XZ 

Kitrrleliau* 

.  N 

+  R. 

Ammania    . 

.  N 

+  H. 

New  bM«  . 

i 

.  H 

+  XyZ,orN  +  XIZ,orN  +  TTZ;orN 
-t-XZZ,orN  +  YZZ;  orN  +YXX; 
or  N  +  Y  Y  X. 

Here  is  at  once  a  wide  extension  of  the  original  view  of  Liebig 

I       aa  to  the  constitution  of  organic  bases ;  and,  whatever  be  their 

real  constitution,  bases  are  now  known,  belonging  to  each  of  the 

at>ovc  series :  that  is,  bases,  the  formula  of  whioh  maj  be  thus 

reted,    and    which    are   really  obtained   from   compounds 

^..-.\cd  to  contain  the  radicals  supposed  to  be  present  in  the 

^^-   Of  the  amide  bases,  many  are  known.    The  following  are  a 

L  ^ 

■  a. 

■  n 

f         To 


All  thete  arc  known,  and  manjr  more  will  soon  be   fnrmed, 
ly  in  the  nthyla  scries.     Indeed,  Fridau  bos  obtained  the 
nd,  c  lylamine,  C»  H»t  N  =  N  D.  +  C».  H»»  »  Ad  Ctl, 
lUwugh  it  hiis  ou  basic  olutrueters,  or  very  feeble  ones. 


▲auaooia  .... 

.  NHi.)- 

n 

= 

H, 

N  =  AdH 

JUtlijrtaminr     .     .    . 

.  N  H.  +  Gi 

H> 

=  c. 

H. 

N  =  AdMe 

Blbrlamiiw     .     .    . 

.  N  H.  +  C. 

Hi 

=c. 

Hi 

N  =  Ad  Ae 

PropjUminc     .    .     . 

.  N  H.  +  C. 

Ht 

=  c 

H. 

N  =  AdPr 

BntjrUuuine  .... 

.  NH. +  C. 

H. 

=  c. 

Hu 

N  =  Ad  Bn 

Am^Uminn      .     .    . 

.  N  H.  +  Ciu 

H.. 

=  ClO 

H» 

N  =  Ad  Ayl 

OkliTTHylualiic  .     ,     . 

.  NU.  +  C.. 

U» 

=  0.. 

H.. 

N  =  Ad  Cp 

Pb«n]rUmia>.  Aniline 

,  NH. +  C.. 

H5 

=c.. 

Ht 

N  =  Ad  Ph 

Tolajl&mine.  Toluidioo 

.  N  H.  +  C. 

U, 

=c.. 

H. 

N  =  Ad  To 

Xylamiso.  Xrliilino  . 

.  N  H<  -«-  Cio 

U. 

=  c.. 

Hu 

N  =  AdX 

Osmi'l'''                .     . 

.  N  H.  +  C. 

H., 

=c.. 

Hi. 

N=AdCa 

OjB. 

.  NH.  +  G.«> 

n» 

=c» 

H.. 

N  =  AdCyin 
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The  following  are  the  names  of  a  few  imide  bases  : — 


Ammonui 

DietbjrUmine . 
DumyUmiDe . 
DiphcDyUmine 


KH  +  H. 
NH  ■t-2(C«    H>) 
NH  +  2(C.    H.) 
NH  ■1-3(0.0  H..  ) 
NH  +  2(Ci.  H.) 


Meth;loph(.-o;Umine  N  H  -l-  Ci  Hi  ■»■  Cu  Hi 
RthjlotiiienjUmine.   N  B  -t-  C>H>  -<■  On  Ut 


=  H.  M         =  Id,  Ht 

=  C.  Ht  N  =  Id.  M*. 
=  C.  H..  K  =  Id,  An 
=  C«.  HtiN  =  ia.  Ayl. 
=  CuHi,  N=Iil.  rh. 
=  C..  H.  K  =  ld,  M»rh 
=  Ci.  Hi.  K  =  IJ,  A«Ph 


AmyloplienjUiuine.   NH  -t- Cio  Hu  -f  Cu  Hi  =  Cn  Hn  N=:Id,Ajm 

AH  the  above  hare  been  discovered  and  described  by  Hofauni. 
They  are  nil  volatile  bases,  analogous  to  ammobia. 
Of  nitryle  bases  the  following  will  serve  as  an  exiunpla : — 


A.miDonla 
Trlmethy  lamlnfi 

TriatnyUiulUfl    '. 
TrlpbenylAmice 
AmylitdiethyUmlDO 
MetbylothyUmfUmiDA 
Dleihylophotiyluniiue 
M«thylctbT)opbeuy- ) 
Uuulno  '.  { 

DUmylnplienyUmiDO 


N+Hi 

N+3(0i  Ha  ) 
N+aCC  EU  ) 
N-HB(CiaHn} 
N+9(Ci.H>  ) 
N+C,oHn+S(C.  Hi  ) 


=CijH,iX=X,  A.^ 
=CxinisNz=9l,  Xf 

=CmH,iX=)«.  imt 

=0«uH>,N=X,  Am  J 


N+Ci  a,  +C,  H«4-CuBii=CieH..K=X,ll«iUi>1 

N+-;(C.  a>  )+c.i  Hj         =c»Hi«x=x.  Am  n 

N+Ci  B>  +C>  Hi  -t-CuB>  =Ci.H»NsN,  MkAtIV 
N  +  S(C>oHiiHCiiB>  =C>i  Hn  N=N.  Aril  n 


EthyUmylophanyUminaN-fCi  B>  -fCioBu -t-CiiBi  =C^B>4K=H.AaAjrin 


H.AaAjnn   J 

yobtoai4^ 
seriwaqH 
r«spoodirw~ 


All  of  these,  except  triphenylamine,  have  been  alrMdy  < 
by  Hofmonn.  It  will  be  seen  that  the  whole  three  i 
be  included  under  one  head,  namely,  that  of  bases,  oorrespoodilf* 
to  ammonia,  in  which  one,  two,  or  all  three  of  the  flq*.  af 
hydrogen  in  ammonia  have  been  replaced  by  one,  two,  or  ttos* 
different  radicals ;  and  that  the  amide,  imide,  and  nittyk 
bases  are  the  subdivisions  of  this  group.  Now,  there  Are  two 
strong  reasons  fur  believing  suoh  to  be  the  constitution  of  ' 
bodies  ;  1st,  that  they  are  all  analogous  in  properties  to 
uia,  and  2ndly,  that  they  are  obtained  by  the  action  of 
on  compounds  of  the  radicals,  methyle,  etliyle,  anyle,  ud 
phenyle ;  so  that  their  formation  and  properties  could  ht,  ni 
were  predicted.  It  is  obvious,  therefore,  that  Liebig's  rirw  il 
only  true  of  one  of  the  subdivisions,  the  amide  baaes,  and  i 
be  extended  so  as  to  include  the  two  others. 

But  Hofmann  has  gone  further  still.     Ho  has  disoovenMl  t^*^i 
to  the   nifryle  bases,   such  as  tricthylamine,  N  +  3  (C  n«)  : 
Ci«  IIii  N,  another  equivalent  of  ethylo,  Sic,  may  be  added,  i 
a  new  stries  of  bases  obtained,  eorresponding,  not  to  ama 
but  to  oxide  of  ammonium,  N  H*  0,  and  resembling,  in 
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s,  oxide  of  potassium  or  potash,  much  more  than  am- 
is, as  they  are  not  volatile  without  decomposition.  Oxide  of 
mmouium  is  the  same  thing  as  ammonia  plus  water ;  and  if,  as 
is  probable,  oxide  uf  ammonium  does  exist  in  the  salts  of  ammo- 
nia, ftucb  OS  sulphate  of  ammonia,  N  Hi  0,  S  Os,  it  is  resolved 
into  ammonia  and  water,  as  soon  as  separated.  Such  is  also  the 
oaae  with  the  metals  belonging  to  the  three  first  series  of  ammonia 
I  (for  beifiR  analogous  to  ammonia,  they  form,  with  hydrogen, 
als  like  ammonium).  Thus,  to  take  one  example,  triethy- 
ac,  with  hydrochloric  acid,  forms  chloride  of  friethylium,  just 
I  ammonia  with  the  same  acid. 

Hi-f-nCI=    NH.Cl   and    N Ae.  +  HC1  =  Jf  q**  jci 


Chloride  of     Triethyl&mlae. 
Atumoutuiu. 


ChliiTlilo  «f  trio- 
tbyUum. 


ad  in  snlphate  of  triethylamine,  we  have  the  oxide  of  the 
OS  in  sulphate  of  ammonia. 


Kn.O,  SOj 


sU  of  OxiUo  of  Jlaiuiouluui. 


N     ^*'}0,S0, 


Sulpluto  ur  Oxlitu  of  triothyllnm. 


nd  this  oxide,  like  that  of  ammonium,  is  resolved  when  sepa- 
.  into  water  and  triethylamine. 

tut  with  the  new  or  fourth  series  of  bases  it  is  different, 
oxide  (if  the  raetal  is  not  resolved  into  other  products,  when 
atcd  from  the  acid,  but  can  exist  in  a  separate  form.     We 

re,  first. 


.  Nn. 

Triethylnniiiie  . 

.  NAe. 

bniiu<.'uii;m    , 

.  NH. 

Tctrello  lium     . 

.  NAe. 

r                !o 

,  NH.O 

OiMuordillo    , 

.  NAc.O 

<                .litto 

.  NU.Cl 

Chlaride  of  ditto 

.  NAe.CI 

i\c  oxide  of  ammonium  is  instantly  resolved  into  ammonia 
iixidu  of  tvtrethyliam  is  permanent,  and  much  re- 
-h. 

licPb,  then,  is  a  totally  new  series  of  bases  reprcsentinir,  not 

nonia,   but  oxide    uf  ammonium,  and   therefore   containing 

^gcn.     If  oxide  of  tetrcthylium  wero  as  unstable  as  oxido  of 

aonium,  it  should  yield  triethylamine  and  ctlier,  as  oxide  of 

kmuniiuii  dues  ammonia  and  water;  thus:  N  H»  0  ^  N  Hi -f~ 

_  N  Aei  0  =  N  Aon  -f  Ae  0.     Evidently,  in  Uie  former  case, 

(ify  «f  oxygvM  for  hydrogen  breaks  up  the  uxidc  ;  but  in 

or  the   atllnity  of  oxygen   for  ethyle   b  not  powerful 

gh  to  do  so  at  the  ordinary  temperature.    But  where  an  atom 
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of  hydrogen  is  preseot  in  the  same  place  ai  the  fourth  atonlsl 
Hmmuniura,  it  is  sppnrated  as  wat<ir,  a£  we  h.ive  been  in  truithj- 
lium,  the  oxide  of  which,  like  tliat  of  anuuo&iiun,  conaut  tlM  in  | 
the  separate  form.     Thus, 


NH.0  =  NI1»  +  H0;  N 


Aei 


}.0=N 


A«i  -f  HO 


These  congidcrations  explain  how  it  happens  that  the  oxida  o( 
the  new  organic  mutals,  analogous  to  ammonium,  are  p«nmiM. 
And  it  is  worthy  of  notice,  as  a  strong  proof  that  these  Mm  OOB- 
pounds  represent  iimmoniom  in  which  hydro^n  has  be«n  •!! 
replaced  by  one,  two,  three,  or  even  four  diflerent  radicals,^ 
it  has  not  beon  fouud  possible  to  replace  by  these  radicals  nwrrt 
hydrogen  than  4  equivalents,  evidently  the  four  of  amiuouium, 
N  !!• .     Should  any  further  replacement  of  hydrogen  by  «thylv,  I 
for  example,  occur,  then  eitlier  the  group  will   be  broken  up,  or  I 
tlic  replucemvut  will  ail'ect  the  radical  itself ;  that  is,  if  in  tctrc- 
thyliuiu  we  could   replaee  an  atom  of  hydrog<!n  by  rtbylc,  itJ 
wouhi  be  an  atom  iu  one  of  the  atoms  of  ethyle,  which  o&i:  might] 

then  become  C*  i  .  *     But  this  is  not  ycry  likely.   The  J 

table  gives  the  hydruted  oxides  of  the  bases  already  disooT 
the  ammonium  oeries  : — 


Hydnited  oxide  of 
Aiumuuiuni 
TetraioethyUttm 
Tetretbylium 
Mvtliyliitriethylium     . 
Aioylulricthvliuiu 
TetTftmylium 
MftliyludiitliylMuyliam 
Trictliylopliiuiylimii     . 
Muthylt'lhylaiuylupheziytiam 


NH.O.HO  = 

NMe.O,  HO  = 

NAe.O.  HO  = 

NMoAoO.  UO  = 
NAcAylO,  HO  = 
NAyl.O,  HO  = 

NMeAeiAylO.no  = 
N  Ae.  I'h  0,  H  0  = 
NMeAeAylFhO,HO= 


K  H>.  sno 

C  Ht,  X.O,  HO 
:0i.  H»  N,  0,00 
C.  Ui.  K.U,  HO 
Ca  Hm  N.  O,  ho 
Cm  Hm  >',  U,  00 
;C«  Hs,  N.  0.  HO 
C«H«.N.O;H0 
C.  H..K.O,  HO 


The  gcnei-al  character  of  these  bases  is  well  marked, 
oxide  of  ammonium,  and  unlike  the  ammonia  bases,  thej  alll 
an  even  number  of  equivalent*  of  hydiugen.  The  hyd 
crystallise  and  ore  very  soluble  in  water.  They  eunnut  be^ 
tilled  without  deoompositioD.  Like  potash,  they  attract 
ftcid  from  the  air,  have  a  caustic  taste,  and  saponify  uilk. 
they,  and  all  their  salts,  are  very  bitter.  Their  iodides,  chIoridM> 
&c.,  contain  the  comjiuuQd  metals  in  union  with  iodine,  Ac,  uai 
resemble  itxlidv  of  poUssium.  Thus  hydriodio  acid  acts  on  Um 
oxide  of  tutnahylium,  yielding  water  and  the  iodide,  just  M  it 
aets  on  oxide  of  potua»ium. 

KO,  HO  -f  Hi  =  KI  +  S  HO;  and  NUe.0,  HO,  +  01  =  lOfatl  ^  SBO 
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TI»-tt;,  thun,  it  will  be  seen,  we  have  four  large  series  of  bases, 
/  rf  presenting,  three  of  them  ammonia,  the  fourth,  oxide 
uf  ammonium ;  and  it  is  highly  probable  that  many  of  tlio 
natural  bases  belong  to  these  four  series.  As,  however,  the 
ammonia  bases  of  all  three  srries  are  volatile,  so  we  can  only  at 
ent  refer  to  that  class  the  volatile  natural  bases,  such  as 
aiiue  and  nicotine.  Ilut  the  ammooiom  bases  agree  with  the 
-volatile  natural  buses  in  four  points :  Hrst,  in  being  Uxod  ; 
ond,  in  containing  oxygen;  third,  in  ha>iug  a  bilttr  taste; 
fourth,  in  yielding  volatile  bases  when  deoom]^>o:ied  by  heat, 
of  the  formula'  in  the  lost  column  of  the  last  table 
oh  viry  ncurly  to  lliose  of  natural  iLxed  organic  bases. 
I,  an  attemjit  was  made  by  Hofmunn  to  form  artificially 
itural  base,  quinine.  The  formula  of  quinine,  according  to 
best  analyses,  is  Cx,  Hn  X  0.=  C»  H.i  N  0,  H  0.  When 
,  it  yields  a  volatile  base,  quinoLine.  Now  this  was  supposed 
►  Cis  Ho  N,  and  quinine  to  ditl'er  from  it  by  Cs  H*  Oj.  And 
hydr.>t«il  oxide  of  tetrametliylium,  a  bitter  fixed  base,  Cs  His 
^  C«  Hit  N  0,  U  0,  yields,  when  heated,  a  vulalilo  base, 
bylaiuine,  Co  IIu  N ;  the  ditference  being,  aj  before,  C'li  11* 
low  as  tximethylamine  may  be  reconverted  into  the  hydrated 
ide  of  (elrumethylium  by  the  action  of  iodide  of  methyle  ou 
,  uui  of  oxide  of  silver  on  the  iodide  thus  produced,  the  question 
fgllked,  may  not  quinoline,  which  is  found  in  coal-tar,  yield 
M  in  the  same  way  ?  In  {>uiut  of  foot,  the  action  of  iodide 
methyle  on  quinoline  does  yield  a  crystallised  iodide,  appa- 
atly  similar  to  the  hydriodate  of  quinine,  but  as  recent  researches 
f,  not  even  isomeric  with  it ;  the  true  formula  of  quinoline 
Ci»  II)  X.  Still  we  may  hope  to  succeed  in  process  of 
I  in  forming  artiliuially  the  natural  bases.  For  further  detoila 
Dnceming  qniuoliue  and  its  homologuos  see  pp.  40U,  et  leq. 
Bat  we  must  not  sup[>ose  that  Licbig's  theory,  even  as  extended 
Hofmann,  so  as  to  include,  besides  amide  bases,  imide,  nitrylc 
nd  ammonium  bases,  includes  all  the  possible  modes  of  formation 
organic  bases.  Some  may  be,  as  liencelius  imagined,  coupled 
nits,  some  coupled  amide,  imide,  uitryle,  or  aininonium 
or  substitution  products  derived  from  these.  And  it  must 
mo  in  mind,  that  even  of  these  four  series  of  bases  we  have 
'  learned  to  tnow  those  containing  the  four  radicals,  methyle, 
byle,  amyle,  and  pheuy  le,  while  there  may  bo  hundreds  of  simil&r 
io»b.  The  field  has  boon  opened  ;  it  remains  for  us  to  culti- 
I  it.  (If  the  bafcos  mentioned  above,  many  have  been  already 
under  the  etliylic  series  of  radicals,  and  the  remainder 
!  noticed  under  aniline  or  phenylamine,  further  on. 
BiaidcB  the  methods  employed  for  th«  produutiou  uf  the  bases  uf 
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the  four  classes  above  mentioned,  chielly  the  ofition  of  the  broimdt« 
or  iodides  of  methylo,  ethyle,  &c.,  on  amnionm,  there  »re  vsiioai 
other  processes  which  yield  artilicial  or^^nio  bases,  which  tnniil 
here  be  briefly  noticed.     liases,  then,  are  formed: — 

1.  By  the  action  of  ammonia  on  organic  prodacte,  aidfld  bjf 
other  processes.  Thus  ammonia  forms  bases,  as  we  faav«  Mm, 
with  oil  of  bitter  almonds  and  furfurolc,  when  aided  by  the  nb- 
scquent  action  of  potash :  with  oil  of  mustard ;  and  probably  ia 
other  instances. 

2.  In  the  destructive  distillation  of  nitrogenlaed  »f»i?«»«l  and 
vegetable  matters,  siich  as  albuminous  com{)oanda,  natural  baaea, 
indigo,  and  coal.  In  Dipiiel's  animal  oil  are  found  bases  of  thna, 
if  not  four,  distinct  series ;  those  of  methylamine,  i&c,  of  aniliw, 
of  pioolinc,  isomeric  with  that  of  aniline,  and  the  series  of  pyrrols 
bases  (Anderson).  Indigo  yields  aniline :  morphine,  narooda*. 
oodeiue,  quinine,  cinchoniuc,  strychnine  and  pcloaioe,  yiald 
volatile  bases  when  heated  ;  and  the  oil  of  oool-tar  oootaiai 
various  bases  of  the  methylamine  series,  of  that  of  anilin*,  tai 
perhaps  of  others. 

3.  By  the  action  of  sulphuretted  hydrogen  on  oompound*  of 
ammonia.  Thialdino,  a  very  remarkable  base,  is  formed  by  Um 
notion  of  sulphuretted  hydrogen  on  aldehydammouia. 

4.  By  the  action  of  sulphuretted  hydrogen,  or  of  tulpbojat  et 
ammonium  on  substitution  comiKiuuds  containing  N  0>;  aa  mhan 
aniline  is  formed  in  this  way  from  nitrobenzole,  uitnmiJioe  titm 
dioitrobenzolc,  or  toluidine  from  nitrotoluole. 

5.  By  heating  nitrogenised  compounds  with  potash  orbMyia: 
OS  when  aniline  is  formed  by  heating  isatine  with  potash,  ehkr- 
aniline  by  heating  chlorisatine  with  potash,  melamine  aad  ta- 
lueliuc  by  heating  melam  with  potash,  and  sorooaiue  by  **— 'tf 
krcatine  with  baryta. 

6.  By  heating  organic  compounds  with  acids  ;  as  when  glycuMioe 
is  formed  by  boiling  hippuric  ocid  with  hydrochloric  acid ;  iaaa> 
tinine  horn  krcntinc  ;  and  alanine  from  a  mixture  of  aldehyd- 
ammunia,  hyJrucyauic  acid,  and  hydrochloric  acid. 

7.  Lastly,  by  siiontaneous  metamorphosis,  as  when  bydrated 
cyonate  of  ammonia  passes  into  urea,  or  cyanatc  of  methylaaiw 
into  methylo-urea,  when  their  solutions  arc  eva[)orated. 

Of  all  of  those  methods,  examples  will  bo  given  uhder  the  indi- 
vidual bases.  Of  the  production  of  the  four  classes  of  baatl. 
amide,  imide,  nitrylo,  and  ammonium  bases,  with  tha  radlMhof 
thrt  ethyle  f>eries,  numerous  examples  have  already  been  g:tTaD. 

It  in  (u  be  observed,  that  wo  have  already  BQooeed^d  in  fomUBg 
artificially  three  natural  bases,  all  of  animal  origin,  luUMly« 
urea,  glyoodne,  and  kreatinine.     Ia  other  caaca,  a»  " 
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booe,  xnetbylo-qainoline,  turns  out  not  to  bo  qoinine,  we  have 
[j,  u  jet,  produced  bases  closely  analogous  to  natural  biuos, 
*thas  furfurine,  an  artificial  base,  is  uscmI,  like  quinine,  as  an 
anti-periodio :  and  the  bitter  ammonium  bases  of  Hofmann  will 
moat  probably  be  found  powerful  remedies,  possibly  of  that  class. 

Lastly,  in  the  formation  of  artilicial  bases,  we  have  succeeded 
in  several,  indeed  in  many  cases,  in  imitating  the  natural  process 
of  building  up  complex  atoms  or  molecules  from  such  as  ure  less 
complex.  This  is  seen  in  the  long  list  of  Ho&nanu's  bases  ;  and 
also  in  furfurine,  produced  by  the  coalescence  of  2  eqs.  of  furfu- 
ramide ;  and  amarine,  formed  by  the  coalescence  of  3  eqs.  of  oil 
of  bitter  almonds  along  with  ammonia.  It  has  hitherto  been 
frand  comparatively  easy  to  break  up  or  resolve  into  simpler  forma 
the  oomplez  natural  organic  compounds ;  but  now  we  bi'gio,  like 
nature,  to  construct  the  complex  from  the  more  simple :  perhaps, 
in  its  ultimate  results,  the  most  important  step  yet  made  in 
advance  in  organic  chemistry.  Our  methods  are  still  coarse  and 
lent  compared  with  those  of  nature,  which  are  gentle  but 
vistible,  and  infinitely  varied  in  their  results ;  but  yet  we  are 
le  to  imitate  nature,  and  to  replace  one  group  by  another,  and 
OS  to  form  a  scries  of  artificial  products,  running  parallel,  in 
y  instances,  with  the  natural  ones,  and  exhibitiug  precisely 
ilor  properties. 
We  shall  now  briefly  describe  the  artificial  bases,  in  so  far  as 
they  have  not  hitherto  been  mentioned,  aud  we  shall  group  them 
oooording  to  their  properties  and  the  sources  whence  they  are 
derived. 

(a.)  VoliitiU  ody  artificial  AUcaloidt. 

this  class  of   bases  we   have  olready   described  a  large 

tber,  under  the  radicoLv,  methyle,  ethyle,  &c.,  which  sec.   We 

;  to  a  boiws,  already  frequently  mentioned  as  a  product 

ny  decompositions.     This  is  aniline,  which  name  we  shall 

>  for  shortness. 

Aniline,  CnHr  N  =  N  Hi,  Cit  Ha  =  Ad  Ph.   StN.   Phentjla- 

■in^,  Phenamiiie,  I'henamide,  Kyannh,   Crystnlliue,  BenziJiiin. 

I  baso,  which  is  most  properly  called  phonylomine  or  pbena- 

ae,  hu  already  been  described  as  derived  from  indigo,  aulhru- 

ic  acid,  and  isatinc,  and  as  produced  also  by  Ihu  action  of  bases 

led  by  heat  on  nitrotolnole  (protonitroben20<.'ne).     It  is  further 

luoed,  along  with    other  bodies,   when  nitrobcnzole   (iiitro- 

bwiuide}  b  distilled  with  alcohol  and  potash,  and  when  the  same 

pmpouud  is  acted  on  by  sul[>hurct  of  ammonia.     Lastly,  it  occurs 

,  cool-tar,  and  in  the  oil  obtained  by  the  destructive  distillatioD 

of  animal  matter. 


POEMATIOK   or   AXILiyE. 


We  thall  give  here,  in  one  tiow,  the  eqnation*  which  crp 
1  the  production  uf  auilinc,  ni  no  other  ctimiHiund  admits  i>f 
\  prodiir^i  in  ho  great  a  Tcirietj  o(  war«,  and  all  thtiiri  eqti 
]  are  instructive. 

1.  C.  NB.  0,.  HO  =  S  C0>  -f  C»  Bt  17 


ilnttinuiUk'  kciil  AaUtn«. 

"sTCi^KH.  0.  +  4  (KO,  nO)  =  4  (KO.  CO.)  +  Ct  H-  K  +  HT 

latllne.  Anillnt 

3.  C.   I  "'(j^  I  +  2  Di  0  =  2  (B»  0,  COt)  +  On  Hr  N 

'■' ■ ABlUac 

NItrotohinte. 

i.  C.  {no.}  +  a  (W  H.  8)  =  4  H  0  +  6  y  H.  ■»  C.  H.  y  -f  ™ 
;: — r^ — —^  Aaaiuc 

JiltTuboticcijo. 

S.  2C,J"q^  I  +  C  H«  Of  +  8  (KO,  HO)  =  Ci.  H.  Jf  + 
Cii  H.  rr  +  2  C.  0.,  K  0  +  «  H  0. 


AntUne.        Ox*lat»  of  rntMli. 

Thfoe  equations  will  pive  the  reader  some  idea  of  the 
variety  of  processes  by  which  one  organic  base  may  be  ft 
and  it  is  probaVile  that  every  one  of  these  proot-sses  may,  if  a[ 
to  other  oompoundfi,  g:ive  rise  to  other  bases.  In  fact,  Uiiii  i» 
already  the  oasc,  as  will  be  seen  farther  on,  with  the  pTocoMn 
Nos.  2,  3,  and  4. 

liesides  the  nbovo  sonroes  of  aniline  there  is  another,  namely, 

the  destructive  distillation  of  azotiscd  matter.     That  of  indifps  li 

explained  by  Xo.  1,  as  anthranilio  acid  is  probably  firAt  fonntd 

and  then  destroyed.     Bnt  aniline  is  perhaps  best  obtained  fron 

the  bnw'o  oil  of  coal-tar.     Tlie  crude  oil  of  coal-tar  is  well  agitatnl 

with   hyilrochlorio   acid,   whicli   t«kos   up  the   basic  oils  in  aa 

.  impure  state.     They  are  separated  from  tlie  ncid  by  ammooia, 

I  and  consist  oliicHy  of  aniline  and  Icueoline.     The  formrr  ia  fogad 

[in  that  part  of  the  oil  which,  when  it  is  rectiticd,  passn  at  naar 

1 360*,   and   it  is  purilied  by  rectification   till  if  ili^tils  at  tiut 

[t<'m['cnituro,  CDinbiiiing  it  with  oxalic  ac'd,  pin  oxalate 

f  by  crystallisation,  and  distilling  the  pure  salt  ^^ 

Aniline  is  a  colourless  oil,  highly  refracting,  of  ^p.  0.  l-02rt. 
It  has  a  burning  taste,  and  a  pleasant  vinous  smell  when  pnn, 
I  It  turns  the  delicate  purple  of  the  dahlia  to  green,  but  dops  not 
on  turtit.rir.     A   ,!r„[)  of  it  on  lir-wood,   moistened  witk 
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BTdroeUoric  a«ad,  strike*  a  datfi  j^Oaw  egloar.  It  pndoMa  a 
det^  but  fuffitive  purple  «itb  a  nlatiaa  «f  liliarhiii({  ftwitr.  It 
neotralues  acids,  iornaag  Mha  wUek  hara  a  rtaj  gnat  twnimwy 
to  eiyctallise,  heaee  tiia  aaBS  aj^aflHU.  La  cotabinii^  with 
1  acids,  aniline,  like  nanwii,  takea  19  1  «q.  «C  water,  Itot 
bines  direcdj  like  aiaiiii«  witk  liy<dri)g«fi  mui*.  Like 
aln,  its  eUonda  fbcst  denUa  aaita  with  bioUorida  of 
nam  and  other  aaalogvoa  talti. 
Kitrio  acid  oooTeru  aniline  iato  nilwipltf  law  (rierie  or 
opicric)  acid  ;  and  bj-  the  aetion  of  dtlocine,  aad  of  oklorate 
wiUi  faydraeUorie  a«d,  it  is  oooTerted  into  chloro- 
I  and  chlorophenoaie  aeids,  ohlotaoile  and  trichloraniline. 
produoea  tribrmnaailine.  These  tnuufonsations  prove 
f  aniline  belongs  to  the  eeriea  of  phenj-le,  as  formerly 
explained.    In  fact,  it  haa  the  oompoeitian  of  phenylamide,  for 

C,  Ht  X  =  Ci.  j  ^d  I . 

The  onalogj  of  aniline  with  anunonia  extends  beyond  what 
haa  been  above  stated ;  for  as  ammonia  forms,  under  certain 
aoes,  soeh  compounds  as  oxamide  and  oarbamide,  the 
'  known  in  combination,  so  does  aniline,  under  similar 
stances,  yield  analogous  oompoands,  ojtanilide  and  eor- 
i*bde.  It  even  y\e\di /om%anHide,  the  analogous  oompound  to 
formamid^,  is  not  known.  It  also  forms  acid  anilides,  saoh 
anilie  aciii  anulogotu  to  earhumic  acid,  &o.  A  compound 
'^•Iso  been  obtained  in  which  the  oxygen  of  corbanilida  is 
nrpfaused  by  sulphur.     (Gethardt.     Uofmonn.) 

nobnann  has  also  discovered  that  cyanate  of  aniline  sponta- 
neously passes  into    anUo-ur*a,   as  cyanate  of  ammonia  does 
^nrsa,   and  cyanate    of    methylamine    into  methylo-ureo. 
lO,  C«  N  0  =  C  Ki  Hi  O.,  and  Ci.  He  NO,  C  N  0  = 
)/•  H<  Oi. 
It  has  already  been  mentioned  that  by  heating  chlorisatine, 
stinc,  &e.,  with  potash,  bases  and  neutral  compounds  are 
I  in  whirh  the  hydrogen  of  aniline  is  replaced  by  chlorine 
|r  f  lie  action  of  sulphuretted  hydrogen  and 

lo,  another  ba-ie,  nitraniliiio,  is  formed, 

1  which  1  pij.  of  hydrogen  is  replaced  by  I  eq.  of  nitrous  ooid. 
tabic  of  tliewi  last  oomiiounds  having  been  already  given,  wo 
1  here  give  only  a  tabular  view  of  the  analogy  between  onilino 
riuumonia. 


AanDonu  in  itsl  ^^  q 


hC  Nn> 


I  in  iu  L  N  n 
Ac. 


Anilms  in  its  1 
chloride,  kc  J 
I  N  n. ,  H  0  =     .\uiUne  in  its  1  C.t  N  H. ,  H  0  = 
;NU.,  0  •olpltate,  &c/CuNU>,  U 


SOS 


ANILINE. CTjUfl  LIN  E. 


pUU-l  NH.  a  + 
oumult,  &.C.  J  Ptai 

Oxitmide  I  ^j;  „^  0,  C  0. )— 2  H  0 


Aniline  plaU- 1  Git  K  II>,  CI  4- 
Dum  a»lt,  i:«.  J  Pt  Cl> 

U.<  N  H.  C>  0«  = 
Oxaniliae  {  (C..  X  H.O,  C.0») 
HO 


It  is  impossible,  after  conaidcriiig  tbe  foots  exhibit«d  in  Ih* 
above  table,  to  doubt  tbe  perfect  analogy  existing,  in  all  tlidr 
chemical  relations,  between  ammonia  and  aniline. 

This  analogy  is  at  onoe  explained  by  regarding  both  as  amids 
bases,  ammonia  as  amide  +  hydrogen,  Ad  H,  aniline  as  amida  -(■ 
phenyle,  Ad  Ph.  Fhenyle  is  Cii  Hi .  And  as  phenyls  1*  only  «ii« 
of  a  series  of  homologous  radicals,  the  phenylic  aeries,  C« 
so  aniline  is  the  first  of  a  series  of  homulogoua  bate*,  ia  ' 
amide  is  combined  with  those  radicals. 

'  Phniyla   .        .    Fh    =CkB>  PbanylKmlntCnRi  Il=KBi  .Cuilt  ml4l1 

'^"cy^lO  "***!  }  ■'■'''   =  °»  ^'  Toluldln.        0»  H.  N.KH.  .  Ci .  B,  =AJ»>1 

Zyl}1o         .     .    Xy     =  Cm  no  Xjlidins        Oi«  Bn  X=XRt  .  C»  H«  sAdXr 

'  Comyl*    .       .    Cur  —  CiiUaCuoudina       CiiIIiiN'=KUt  .  C.<  II,i  sA4Ctqr 

'  Clyii>ir)«       •    •    Cmy  =  C!iuH»CymiiUue       C9uIIi>N=NBa  ,CzuIix>=i  ~ 

TheM  bases  will  be  briefly  noticed  in  their  proper  plaoc*. 


Although  aniline  is  perfectly  analogous  to  ammonia,  y«t  I 
its  complex  nature  it  necessarUy  yields  product*  of  decomp 
or  metamorphosis  such  as  ammonia  cannot  yield.  We  hav* 
already  seen  that  it  yields  substitution  oomiwunds,  chiefly  boiia, 
namely,  chlonuiiline,  diohloraniline,  trichloraniline,  bronuuiiliac, 
dibromoniline,  tiibromaniline,  and  nitroniline,  iu  witich  portol 
the  hydrogen  of  the  phenyle  is  replaced  by  chlorine,  &.c. ;  oad  it 
has  been  airoertained  that  the  bases  in  tlio  above  table  homologOttl 
witli  aniline,  are  cajxible  of  yielding  umihir  substitution  pitNllMtat , 
Hofmann  has  also  obtuinod  boaea,  ia  which  cthylo  ia  sub 
tar  port  of  the  hydrogen  of  ohloraniliue  and  uiirauiline, : 

"^  1 

etfit/lonUranilitt«,   Au  ^  N ;   and  diethyloehUtromilumt 

Cii  (H.,  N  0»)J 
Ae  1 

Ae  I  N.    But  in  ttudrinK  the  action  of  croaocon 

C.  (H.  CI)  J  •»      -e 

aniline,  which  he  expected  to  yield  products  in  which  ( 


MELAyiLfNE. 
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iiUd  for    hTdrogea,  li«  obuiaed  entirelj-  difTennt 

JwoJUu 

^^CyamiJine.    Wlien  cyanogen  gas  is  made  to  act  on  an  aloolialio 

^Bntioa  of  aniline,  cryBtal*  are  formed,  which  contain  Mverai 

^bies.    One  of  th£«e  ii  a  haae,  ej/anUime,  which  is  Ci<  Ui  K»  =: 

^pi  Ht  X  +  0«  N.    Here  th«  cyanogen  has  combined  vrith  aniline 

to  Sana  the  new  base.     It  forma  brilliant  silvery  scales,  very 

ipatiiigly  soluble  in  any  liquid.     It  forms  salts  with  acids,  which 

aK  permanent  in  the  dry  state,  bat  easily  decomposed  in  solution. 

M*laiuluu.     When  gaseous  cliloride  of  cyanogen  acts  on  aniline, 

thara  is  formed  the  bydruchlurate  of  this  base.     The  base  itself 

is  erystalline,  and  has  the  formula  Cm  Hu  Ht.     It  is  thns 

locawd — 


I 


+     0,  K  CI     =    C«  H„  N,  +  H  a 
CUsiMs  of  Ojvuftn.    MeUniUiio. 


It  may  be  regarded  as  aniline,  oonpled  with  a  compound,  which 
is  aniline,  in  which  1  eq.  of  hydrogen  has  been  replaced  by 
cyanogen.    Thus, 


P 

pVelan 


Cm  Hm  N>  =  Cu  H>  N  -I-  Oit 


n}^- 


lllelanilino  is  very  sparingly  solable  in  water,  bnt  soluble  in 
^loobol  and  ether.      It    forms  cryatallisable  salt6  with   acids. 
Willi    ehlurine    it    yields    the    hydrouhlonite  of  a  new   base, 

ttoromtlaniline,  Cu  r.i"  j  Ns ;  with  bromine,  (fi'&romame/ani/m* 
^"  i    X»;andwithiodine,  (/•i'o<fo«n«/a»uVin(i,  Cm  I  "  |    N». 
TT  1 

With  nitric  acid  it  yields  the  base  dinUromelaniline,  Cio  ,,  v  q     > 

K>;  and  with  cyanogen,  it  forms  a  compound  in  which  I  vii.  of 
nelasiline  is  united  with  2  of  cyanogen,  analogous  to  vyoniline, 
•nd  oolled  dict/anomelnniiin* ;  but  this  is  not,  like  the  other 
four,   a  substilutiuu  product.     It  may  be  viewed  aa  composed  of 

1  oq,  cjaniline,    1    eq.  of  the  compound  Cu  rr"  |  i  supposed  to 

•Xttt  ia  lui.  laniliue,  and  2  eqa.  of  cj'onogen,  as  it  t-uch  of  the  groups 
IB  mtlauilino  touk  up,  Uku  aniline  itself,  I  eq.  of  cyuuoj;k.'U.  Its 
auU  ia  Ox,  llu  K»  =  Cm  Hu  N.  +  2  C»  >i  =  (Ci.  lli  N«  -f 

+  (Oil  ^*j^    I  N  +  Ci  N).     It  is  a  feeble  base. 

Jilh  diluted  acids,  oyaniline  yield*  Tarious  products,  among 
ch   are    oxamide,   oxanilidt,   analogous   to  oxomidu,   and   a 
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ANILOCYAKIC   ACID. 


compoimd   of  both.    oxanilamuU.    Oxanilidc   U  Cn  H*  X,  Ci 
Oj,  and  oxanilaraide  is  Ci»  H«  N,  CiOt  +  lUN,  C,0,=  Cw  Xi 

>Vhen  dioyauomelaniline,  CaoHuIfs,  is  boiled  with  acids,  il 
undergoes  a  retaarkablc  change,  and  yields  a  yellow  prodoct. 
Cm  Hn  N»  0».  Thus,  Cv.  Hi.  N.  +  4  H  0  +  2  H  CI  =  2 
(N  H«  CI)  +  Cjo  Hii  Xs  0«.  It  may  be  regarded  as  binoxal«U< 
of  mclaniline,  minug  4  eqs.  of  water.  This  is  the  comprisition  of 
an  imide,  and  the  compound  has  been  named  Melanoximide. 
WTiL'U  heat«d,  the  body  yields,  among  other  prodncto,  a  volatiU 
liquid,  boiling  at  35'3-,  of  a  very  pungent  odour,  Ci«  X  U»  Oi, 
which  bears  to  hydrated  cyanic  acid  the  same  relation  as  udhim 
does  to  ammonia.  Cn  11?  X  =  N  Ha  +  Cn  1I«.  Ci4  X  n«Op= 
Ci  X  0,  H  0  +  Cii  H«.  Hence  it  is  named  AniUtcyanic  Arid. 
^Vith  ucids  and  bases  it  is  resolved  into  aniline  and  carbonic  acid, 
jnst  as  cranio  acid  into  ammonia  and  carbonio  acid,  Cu  X  Hi 
0.  +  2  H  0  =  Cii  Hr  X  +  2  C  0. .  In  short,  it  is  hydnH«d 
cyanic  acid,  in  which  the  hydrogen  of  ite  basic  water  i»  r«| 
by  phenyle,  Ci>  H«,  or  it  is  the  cyanate  of  oxide  of  phcnylr. 


CNO,  HO 
B7drat«d  Cyanio  Add. 


CNO.  Cn  H.  0 


Cyuiata  of  oxidt  o{  phanrl*. 


As  cranio  acid  with  water  yields,  first  ammonia  and  eai^ 
acid,  and  then  by  tiio  action  of  this  on  another  portion  of  j 
acid,  cynnate  of  ammonia  or  urea,  so  anilocyanic  acid,  with  water,  1 
yields    tirst  nnilinc  and  carbonic  acid,  and  secondly  cyanat*  of  I 
aniline,  or  2  atoms  of  carhaniliile,  analoguns  to  am,  which  b 
2  atoms  of  carbamide. 

SfC.XO,  HO)+2HO-200t    =    C.Ntn.0.   =       S(CO^yHi> 

BydiTitS'i  Cjwiio  Acid.  Vnm.  Ouli 

2«t'tN0.  0..  H.O)  +  2nO-2CO.=Oi.l»,Hi.O.=  S(CO,  KCi.H«)| 


Anilocj&uio  Acid. 


OrtwUUte. 


Carbnnilidc  is  therefore  nrea,  in  which  2  oqs,  of  hjrdrogca  I 
replaced  by  phenyle,  Ci>  H>,  diphenylo-urca  ;  but  it  is  unoMtai&J 
wliether  it  may  not  be  only  polymeric  with  the  true  dip 
nrea,  that  is,  whether  I  eq.  of  the  lotter  may  not  rejolrc  it 
2  e<|s,  of  ojtrbanilide.     There  is  another  comiwiind,  oorbaii 
oarbnnilide,  in  which  1  cq.  of  hydrogen  in  urwi  is  replaced  faj  I  of  I 
phenyle.     This  is  phcnylo-urea,  and  is  formed  when  •niltK'ymie 
acid  acts  on  ommonia.     C»  N  (i,  II  O  4-   X  11.  =  C*  Ht  X»  U, 
and<»  XO,  C,  Il»  O  +  X  n.=  C.X.H,  ().. 

When  cyanic  acid  acts  on  alcohol  it  yields  two  com[>ound>. 
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(•thane  or  carbamate  of  oxide  of  etliyle,  and  ollophsnato  of 
ide  of  ethyle,  according  as  I  or  2  eqs,  of  tlie  acid  aot  on 
^of  »loohol,  Hofmann  fiiids  that  onilocyanic  acid  produces  with 
known  alcohols  oompotmds  analogous  to  iirethane,  and 
obabtj  also  compounds  analogous  to  allophanio  ether.  As 
ethane  contains  carbamic  acid,  so  the  phenylo-nrethanc  must 
lin  an  acid,  in  which  1  eq.  of  hydrojjeu  in  carbamic  acid  is 
by  phenyle.     Now  carbamic  acid  is  Ci  N  Hi  0» ,  H  O, 

B  new  acid  must  be  Cs  N  j?^   „    i  0»,  11  0  =  Ci»  N  H. 
Lit  a»  J 

n   O  =  Ci«  N  H?  0» .     This  is  the  formula  of  anthranilio 

cnrbanilio  noid,  but  whether  the  acid  in  phenylo-urcthane  or 

rbanilatc  of  oxide  of  ethyle  be  identical  or  only  isomeric  with 

Btliranilio  acid  from  indigo  is  not  yet  known, 

I  The  reader  will  not  fail  to  observe,  that  as  the  cyanates  of 

lidcs  of  ethyle,  methyle,  &o.,  when  heated  with  potash,  yield 

lirlamine,  raethylamine,  &c.,  so  we  may  expect  the  anilocyanates 

lirnyle-cyanatc-8  of  the  oxides  of  ethyle,  &o.,  to  yield  with 

a  new  series  of  bases,  in  whioh  1  eq.  of  the  hydrogen  of 

is  repl.ici-d  by  ethyle,  methyle,  &e.     Here  also  aniline 

lU  probably  retain  its  analogy  to  ammonia,  but  the  investigation 

I  very  dilKcult,  from  the  long,  tedious,  and  expensive  processes 

ssarj-    to    obtain    first  aniline,    then    mehinilinc,   dioyano- 

,,.i„,,iii„..    and  anilooyonic  acid,  with  whioh  last  it  must  be 


ill.-   i.udcT  is  referred  to  Dr.  Hofmann's  papers  for  many 
it*rcsting  details  and  ingenious  speculations,  which  we  are  oom- 
lle<i  here  to  omit. 

When  mclaniline  is  heated  it  yields,  among  other  products,  n 

Ir   called   nniiine-mellone,  whioh,    however,    combines  with 

liline  tu  yield  tho  wimpoiiud  Cm  H"  Nr  =  3  (Cn  IIi  N)  +  Ci» 

Ni .  The  latter  group  is  anilomellone,  Laurent  has  obtained 
compound  Cm  Iln  N»,  which  is  =  Cn  II7  N  +  Cm  II*  N». 
ailomc-Unno,  or  phcnylomc-llone,  Ci«  lit  N«,  is  mellone,  C«  N* , 

pled  with  Ci<  IT<,  or  pbonylo,  mlnui  11. 


*ld«ii  tlie  nlxive  dcriTfttivcs  from  aniline,  there  ore  many  in 
bich  pheiiylo  is  subxlituted  for  hydrogen ;  iis  for  example, 
boM-s,  like  those  of  the  scries  of  tlhylamine,  aniline  itself 
ho  first  of  them ;  in  the  others,  we  have  the  liydrogrn  of 
lia  rcplaci-d  to  the  extent  of  two,  three,  or  four  eqs.,  either 
syle,  nr  by  phi'nylc  in  part,  ond  in  port  by  one  or  more  of 
'  ctbylic  radicals.  Of  these,  tlie  following  ore  known  : — 
Etht/li>jihrnyUimine  or  J^thytaiiiltne,  Cio  llii  N  =  N,  1(  Ae  Ph. 
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riCOLINE. — TOLUIDINE. 


TLis  base  is  obtained  by  the  action  of  bromide  of  ethjl*  on  anilint. 
K  U.  Pb  +  Ac  Br  =  H  Br  +  N  H  Ae  Ph.  lU  empirical  formuU 
is  Cia  Un  N.     It  much  resembles  aniline. 

Diethijhphcntjlamine,  Cu  Hi*  N  =N,  Ae*  Ph,  is  formed  wbcs 
the  preceding  base  is  acted  on  by  bromide  of  ethy U.  It  nMBbhi 
the  foregoing:. 

TViMtfloyhtni/lium.  The  iodide  of  this  oompound  is  fiiratd 
Mrhen  iudido  of  cUiyle  acta  on  the  preceding  base,  X  Ac  •  Ph  -f 
Ae  I  =  N  Aes  Ph,  I.  It  forms,  like  the  other  ammonium  baset, 
a  hydrattd  oxide,  which  is  a  powerful  base. 

Methi/lcthi/hmijlophent/lium.  Thii  f«8quipcdalian  word^MWla 
an  ammonium  eompouDd,  the  iodido  of  which  is  formod  wim 
iodide  of  methylc  acts  on  cthTlamrlophenylamine,  Me  I  +  X  A* 
Ayl  Ph  =  N,  Me  Ae  Ayl  Ph  +  I.  Its  hydrated  oxide  is,  like  tht 
preceding  one,  a  powerful  base. 

EthylamyUiphenylamine,  N,  Ae  Ayl  Ph,  is  obtained  by  thvaotlM 
of  bromide  of  amyle  on  ethylophenylsmino,  or  of  the  broinidc  of 
ethvle  on  amvlophunylainioe.  M,  H  Ae  Ph  -(-  Ayl  Br  =  H, 
AeAyl  Ph  +  H  Br,  or  N,  H  Ayl  Ph  +  Ae  llr=  N,  Ae  AylPh  + 
HBr. 

Metfiiflojihent/lamine,  N,  H  Me  Ph  ;  MethyUthylofktmyUmmi, 
N,  Me  Ao  I'h  ;  Amylnphenylamine,  N,  H  Ayl  Ph  ;  iJiamifkfi* 
tiylamine,  N,  Ayl*  Ph ;  are  all  formed  by  means  of  onalogoai 
proooaaea,  and  are  all  ToUtilo  bases.  It  is  singular  that  IIm  tW 
lut-named  have  a  strung  and  fragrant  smell  of  roses. 


I 


Aniline  or  phenylamine,  and  all  its  deriTativos,  oontala  tki  | 
radical  phcnylu  ;  hut  this  same  radical  is  found  in  many  ot&f 
compounds,  as  will  be  explained  under  the  head  of  hydratod  oxide* 
of  phenyle  or  oarbolio  acid,  among  the  products  of  the  distill wttaa 
of  ooal,  and,  as  has  been  already  noticed,  under  benzoyle,  ealiejl*, , 
and  indigo. 

PicoUne,  Cii  Hr  N,  is  another  volatile  oily  base,  iaomerio  vitkl 
aniline,  lately  discovered  in  coal-tar  by  Dr.  T.  Anderson.     It  ial 
found  in  the  more  volatile  ])ortion  of  the  bosio  oil,  boiling  at  27t*.| 
It  has  no  action  on  blcoching-liquid  or  on  fir-woud.     It  is  •■ 
powerful  base  ;  and  as  it  has  a  strong  [icnvtrating  odour,  it  is  im*! 
bably  identical  with  the  udorine  of  Uuvcrdorben,  which,  boweW|l 
was  not  obtained  in  a  state  of  purity.     Under  Xaphthuliita,  «• 
shall  return  to  the  isomerism  of  aniline  and  piooline.     \  nrt«wi 
finds  that  piooline  is  one  of  a  series  of  bases  isomeria  aud  jianlU 
with  that  to  which  aniline  belongs. 

PyrUiiHc,  Cio  U>  >',  is  the  loWMt  of  the  piooline  imen,  aad  , 
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DO  oorreaponding  base  in  the  aniline  scries.     It  is  more 
than   picutine,  but  resembles    it   in    many    choroctera. 
tSinao.) 

ToJuuiine,  Cit  H»  N.  This  base,  the  aeoond  of  the  bomologons 
Ses  of  uniline,  is  formed  by  the  action  of  sulphuretted  hydrogen 
"[  ammonia  on  nitrotoluole,  as  aniline  is  from  nitrobouzole.  It 
ierived  from  the  fundamental  compound  of  the  series,  toluole, 
>  Us ,  as  aniline  is  from  benzole  or  phene,  C'li  H« . 

C.  I^'q   1+6NH.8=:6NH.  +4H0  +  Ci.H.N+ai 


KMntohiolo. 


Toluldln*. 


Foluidino  is,  in  taste  and  smell,  rety  similar  to  aniline ;  and, 
bough  solid  and  crystaLUne  at  the  ordinary  temperature,   it 
I  at  104*  to  a  highly  refracting  oil,  which  boils  at  388°.     It 
I  turns  ftr-wood  yellow,  with  tho  aid  of  hydrochloric  acid.     It 
therefore,  evidently  to  the  diias  of  volatile  oUy  bases, 
none  of  which,  as  we  have  seen,  contain  oxygen. 

With  bromine,  tolnidine  yields  a  crystalline  body,  Cj«  J  ^     >  N ; 

and  chlorine  appears  to  form  an  analogous  comiiound.     These 
luct*  correspond  to  tribromauiline  and  trichluraniline. 
Lulidine,  L"i«  IJu  X,  is  isomeric  witli  toluidine,  hut  homologous 
Ih   pici'lino    ratlior    than    aniline.      It  is  found  in  the  oil  of 
^'  with  aniline,  picollne,  and  bases  of  the  othylamine 
ii.-reon.) 
LVy/u/inr.      This    base   is    formed    from    the    corbohydrogon 
lode,  Cia  ILo,  homologous  with  benzole  and  toluole  (see  tAble, 

92j.      Tt  is  first  converted  into  nitroxylole,  Ciot.'U    I,  and 

.  on  by  sulphuret  of  ammonium,  yields  the  base.     (See 
for  Aniline,  Xo.  4,  p.  390.)     It  has  been  little  studied, 
would   seem   by  its  properties  to  belong  to  the  series  of 
Be  and  toluidine. 
OoniJine,  Ci6  Hii  N.     Anderson  has  fonnd  in  Bippel's  animal 
Is  bos<.'  isomeric  with  xylidine,  which  he  has  thus  named.     It 
able*  lutidiuc.     It  bilongs  to  the  series  of  pyridine,  piooline, 
lutidine,  which  runs  parallel  to  that  of  aniline. 
lodeTsuu  has  lately  osctTtuinod,  that  the  picoliue  series  of  hoses 
nilryle  buses,  and  that,  by  the  action  of  imlido  or  bromide  of 
yle  or  ethyle,  they  yield  ommoniura  compounds.     Thus 

Pyridine  is  N,  Cw  H.  Ethjlopyridium  i»  I'  {  d*  lU    ' 

rieoline  is  V,  Cit  Hi  Eth; lopieolinm  is  N  j  ^^'  ^ 

and  piooline  correspond  to  ammonia,  N  lb,  and  are 


398 


BASES   HOMOLOGOUS   WITU    AXILIXE. 


Platinopyriiliue 
l*l«Upii<.ij;yri<Uuo 

Cwniiline,  Cia  U  ii  N. 


volatile.     The  two  new  oompoondi  oorrcspond  to  amnooiuB. 
X  lit ,  tintl  tu  tctrclhylium,  and  are  not  vulatile. 

Andvrson  bus  alsu  obtained,  from  pyridine  and  iiicuUse,  But 
lilatinised  bases,  such  as 

One  of  the  [/loducti  derived  from  oil  of 
uiuninc  is  cumole,  Cis  Hn  ;  and  it  is  also  found  in  the  oil  uf  oo*l-Ur, 
with  its  bomulu^'ues,  benzoic,  toluole,  andxylolo.     It  i»  uoSTcrled 

into  nitrociunole,  Cis  >r'^    |  ,  and  this,  a«  usual,  into  the  faaa. 

Cnmidine  is  a  beautiful  crystalline  base,  fusible,  oud,  wlkcs 
melted,  rc!>embling  aniline.  It  yields,  like  aniline  and  toluidinc, 
substitution  producU  with  ohlorine,  brumiuo,  nitrous  acid,  lit.; 
and  it  has  been  osuertoined  that  both  toluidino  and  cumidiae 
behave,  \t-ith  oyanugen,  iis  aniliuo  dues,  ami  no  doubt  yield  t 
whole  series  of  new  products  auoioguus  to  thuM  donvribwl  uudit 
aniline. 

Parvoline,  Cis  IIis  N.  This  baae,  parallel,  in  the  pyridine  wriw, 
to  oumidine  in  the  aniline  series,  has  been  found  by  Williatos 
the  naphtha  of  shale. 

Cymidine,  C»  His  N.  Oil  of  oumine  yields  another 
hydrogen,  oymole,  Cto  Hu  ,  homologous  with  benzoic,  &nd  {utimfl 
in  the  oil  of  coal-tar.  Nitrocymole,  from  which  the  b«ae  ii 
prepared,  is  formed  when  cyniole  and  fuming  nitric  acid  previniuly 
cooled  in  a  freezing  mixture,  are  brought  together.  CSmidioe  u 
oily,  and  boils  at  about  482-^  F.  It  is  the  highest  known  mcnitaf 
of  the  anilic  series  of  bases. 

We  have  now  seen  that  in  the  series  of  aniline  five,  and  in  thlt 
of  pyridine,  five  bases  have  been  disooverc-d ;  the  lowest  in  the 
aniline,  and  the  highest  in  the  pyridine  series  being  yet  uuknowiu 
We  have 


{ 

•*ri»,     , 
atosii^ 


PjTiiiine 
Ficoliue 
Lntidiae 
CoUidinc 
rarrolino 
I 


Cio  Hi    N  =        I 
Cii  Hr    N  =  Anilina. 
Ci>  Hii    N  =  Toluidiae. 
Ci.  H.I  N  =  Xylidiue. 
Ci<  Hi»  N  =  Cuniidine. 
Cau  His  N  ^  Cjrmidinc. 


We  have  already  seen  that  aniline  and  its  homologuM  u«l 
bases,  in  whioli  phcnylo,  &c.,  take  the  place  of  the  third  rq. 
hydrugvu.  It  now  appears  that  the  pyridine  scries  aro  nitiylal 
bosM,  in  whicb  Ui  is  replaced  by  Cio  lU ,  Cii  lie .  and  to  oaA 
whether  do  Ha  and  the  like  be  single  radicals,  eijaivaltnt  lu  Ui,] 
ur  made  up  uf  two  ur  three  radioals.     The  difference  of  ptvporti* 
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1  tiMM  two  wciM  afTobtil*  hue*  UBov  easily  uiuiemood, 
la  b«t,  piooliiie,  tlioit^  iaeiMrie  with  aatliBe,  ooald  not,  firon  U* 
oenstittttioii,  h«re  tint  tamn  {nvpotiea. 

It  may  here  be  notai  that  Aadenon'a  new  oomponnda,  ethyio- 
ppidlum  and  ethylajaooHinii,  oonvdervd  ai  eompoond  ammoniiuus, 
m  iaomerio  with  Intidiiie  and  oollidine,  beiag  Cu  H>  K  and  C'i« 
^  S.  The  conopwiding  methyle  compound  of  pyridine  «ill 
I  iaomerio  with  piooline  or  with  aniline,  Cu  Ilr  X,  and  the 
liyle  oumpound  of  '  "ill   be  Cu  H«  X   isomeric   ifith 

ae,  tolaidine,  kl  .  .Tidiam ;   yet  all  th<»e  will   W< 

totally  distinct  cx>iii;>c>uiiiii>.     'ibis  is  like  what  we  liave  seen  of 
the  numerous  (xxi>:f  ul   isoiueriam  in  the  volatile   basca  of  tbo 
^^krlio  aeriM. 

^^^ytrob  ha$e*.    In  Dipjiera  oil,  besidea  bbies  of  tho  piooline 
and  ethylomine  series,  there  ore  baaes  of  another  scries,  clurao- 
by  yielding   a  red  reainoiu    matter  when  decomposed. 
ling  to  Anderson,  they  oontnin  boaea  of  the  picoliue  series, 
pled  with  a  body  which  gives  rise  to  the  red  matter  when 

at<<d. 
Jrrrillo  Williams  has  examined  in  detail  the  volatUe  bases 
ftxnn  the  distillatioQ  of  coal  (cool  tar),  of  cinchonine,  and  of 
Dorwtahire  shale,  and  his  results,  compared  with  those  of 
Ander»on  obtained  with  the  oil  from  the  distillation  of  bone* 
(that  is,  from  gelatine)  or  Dippel's  animal  oil,  indicate  very 
striking  anaUigios  between  the  results  in  substauous  of  origin  to 

Cy  dill'eruit.    Thus  wo  hove — 
] 


ippel's  oil  — 

PjrtTciK'  1vu«s 

Coni|>o8itiou  Qukiiixva 

I^i'lin* 

C.  H«  N 

Piooliae— Anilioo 

C,  H,  N 

Lotiiline 

C.  H.  N 

ColUUiue 

Cu  Un  N 

oraetahirc  sholo  oil : — 

PjriTole  base*    . 

Com|M.>«itiuu  uiikuowu 

fyridioe 

Ciu  n.  N 

ri...!n..     .                   .          . 

C.I  lit  N 

U<..:. 

C.  H.  N 

Culiiilllii     . 

C.  UnN 

Farvuliue 

C.  U»  N 

The    abtenoo  of   auiliuo  and   it*    homolo^uos  is  here  Tory 
rematkiUtla. 
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In  the  oil  from  cinaliontne : — 

Pymilo  lioacs 

IVi'line  Cio  H»  N 

ricoline  Ci,  Hr  N 

Lntiillne  C14  H.  If 

CoUidine  Ci«  H..  N 


Cnmp-Miliao  naluunrn. 

QainoUne  C>*  B<  K 
Lepidine  Cw  B>  9 


Ilere  aniline  and  iti  homolognes  are  (till  ftbsent,  bat  «•  floJ 
quinolinc  and  lepidine,  homologous  boaes,  of  a  third  miim,  te 
our  knowledffe  of  which,  beyond  quinoline,  wa  are  indebtad  to 
Williams,  who  has  also  greatly  extended  and  oorreeted  ta 
notions  of  quinoline  itselL 


In  coal  tar  we  find: — 

Pyrrole  hoses 

Prridioo  Cio  H<  N 

Picolioe  C>i  Hi  N 

LuUdiae  Ci«  II>  N 

Cullidine  Cio  Hii  N 


Ovmpositioa  naknovn. 

QniooliDo  Cit  H'  IT 
Lepidioa  Cw  H«  N 
Ci7ptidiue  Cn  Hu  N 


AnUine  Oi>  Ht  N 

Here  'Williams  finds  a  third  member  of  the  qnlnotiaa 
and  aniline  is  abundant,  though,  as  yet,  none  of  fta  hi 
toloidinc,  xylidine,  cumidine  or  cymidine,  have  be«a 
ooal  tor.  As  the  corresponding  corbohydrogens,  however, 
toluole,  xylole,  oumole  and  cymole,  do  occur  in  ooal  tar, 
probable  tint  these  bases  will  ulrimately  ho  found  there. 

'Williams  hos  also  obtained  from  the  shale  oil,  trooei  of  bn 
buses,  not  yet  isolated.     One  of  these,  rertiiline,  strikes  a  bean- 
tiful  emerald  green  colour  with  bleaching  liquor,  and  aecma  to )» 
isomeric  with  lutidino.     This  base  appears  also  to  ooonr  in  unall 
proportion  in  iJippel's  oil.     The  other  base  is  called 
and  was  obtaintd,  when  a  portion  consisting  chiefly  of  I 
wo*  passed  as  vapour  over  red  hot  lime.      It  give*  a  flat 
with  fir  wooil  and  hydrochloric  ncid,  and  a  bluish  green  with 
bleaching  liquor.     Its  composition  is  not  yet  ascertained.    Hmn 
is,  perhaps,  some  relation  between  these  two  bases,  bat  tliMt 
appears  to  be  at  least  one  peculiar  base,  though  we  do  not  kaow 
to  which  Rories  it  belongs,  and  it  may  possibly  be  one  of  a  n** 
series  altoLfetlior, 

I  am  indebted  to  the  kindness  of  Mr.  '\\'illiams  for  the  mm  at 
tho  Ms,  of  a  most  interesting  paper  by  him,  nut  yet  publiahai, 
from  whii-li,  and  from  his  earlier  papers,  I  have  extTMtod  tkl 
above  r<.»ult». 

Uut  it  is  proper  also  here  to  mention  that  Willianu  bat  date- 
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true  foraaU  of  ^ninoliiM,  C%i  Hi   N,  snd  Iia>  nhovn 

I  ol  Craw  einekoMBe  aonUiitt  not  only  qninnhnc  uul 

kfndiii*,  but  aim  Um  ffriAiae  wiica  uid  th* 

)  HriM.    Tb*  fonnixU  of  quiaoHne  Wing  sa  abure  lUtMl, 

dent  that  tlie  wuffsmd  oonvenioD  of  qninolioc  from  ooal- 

I  quinine  or  a  baaa  iwrnerir  wi!h  it,  by  tbe  action  of  iodide 

Bctlirlc,  followed  bf  that  '  r,  rau»t  Iw  eiTon««as, 

Uiat  rvquina  tb«  farii^  ' ,  *nd  it  in  romarkaUa 

we  aeldum,  if  ever,  find  in  tbeee  volatile  ba«»  an  even 
nbar  of  atoms  of  hydraK^n  to  1  atom  of  nitropen.  Mr.  William* 
Itaa  fonnd  that  botli  qtiinuUo«  and  le|iidine  form  bate*  with  th* 
of  etbyle  and  metbylc,  but  that  aa  quinoline,  &c.,  are 
lb*»'!«,  the  new  ones  arc  ammonium  bnges,  currespundini; 
ethylium,  and,  likf  it.  only  known  in  the  forms  of  iodid(<, 
iratetl  oxide,  or  pUtiuum  nalu 
be  hrdrated  oxide  of  methyloqoinoliam,  does  not  nndergo, 
en  lirated  with  potash,  the  same  deooni])o«ition  as  that  of  tetrn- 
li>lium,  but  apparently  a  more  complicated  one.  A  volatile 
is  given  off,  acting  strongly  on  Uie  eyes,  and  the  solution  of 
'  fixed  base,  as  soon  as  formeil,  begins  to  give  ofT  a  voliitiln 
base^  probably  methylamine.  It  is,  therefore,  totally  difrerent 
fruiu  qciinino.  It  remains  to  be  aaoertaincd  what  the  fixed  base 
VB«,  the  ioilide  of  wliiob  Uo&nann  tappoied  to  be  isomerio  with 
tine. 

/ith  iodide  of  ethyl*,  quinoline  yields  hydriodateof  ethylo- 

Kilioe,  or  iodide  of  ethylrajuinolium,  from  which  the  hydratcd 

is  obtained   by  oxido   of  silver.     This  hydrot4?d    oxide   is 

by  brat,   yiililiiig  a  most  splendid   crimson  colour, 

rie»  up  »-it!i  iiiitnild  green  metallic  lustre.     This  (Xilour, 

iposses  also  into  puriile  and  blue  of  very  line  tints,  is  duo 

tly  to  the  formation  of  some  new  basic  comfiouud.     The 

auding  compounds  derived  from  lepidine,  exhibit  similar 

rtt-rs.     When  tlic  iodide  of  etiiyloquinolium  is  acte<l  on  by 

phate  of  silver,  a  colourless  solution   is  formed  with  a  precipi- 

)of  iodide  of  silver.  The  lilterrd  liquid  on  evaporation  acquires 

indigo  blue   colour,   iiud  dries  up  with  a  copiH-ry  nietullic 

our.  like  that  <if  indigo  «heu  polmbed.     This  remiuds  one  of 

I  ehameters  of  Ilcicbvnbach's  piltsoal  obtaiiieil  b}'  the  aetiun  of 

la  on  tha  heavy  oil  of  wood    tar,    and  therofuro  pvsaibly 

fo, 

.r.;.ii.,..  ic^  H»5)  is  homologous  with  the  quinoline  {C\»  11;  N) 

:  both  give  with  acids  beautifully  crystalline  salt*, 

..  >.  iiMili'  one  another  in  pru|>crtiua.     I^pidino  lioils  at  about 

K.     The  bicliToniato  is   a  tiun  salt  crystallising   in  golden- 

[low  nee<lles   ncfirly  an  inch   long. 


4oe 
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6.  Bata  derived  from  NaphtKolin*. 

These  bosits  are  formed  in  u  manner  quite  anaJugoiu  to 
in  wliich  aniline  is  produced  ft^m  benzole,   and  tolutdiac  frvia 
tolunle.     The  corbobydrogon  is  tirst  converted,  by  the  action 
nitrio  acid,  into  a  compound  in  which  H  is  replaced  by  Si  Cw 
and  the  new  product,  according  t*i  tlie  ingenious  prooau  di 
by  Zinin,  is  dissolved  in  alcohol,  and  acted  on  by  a 
sulphuretted  hydrogen. 

Svminaphtalidiue,  or  nzonaphtylanine,  CtoHuXt,  iaobtaiiuil 
when  nitrouaphtalese  is  treated  by  Zinin's  process. 


Gw 


ii2N0.  } 


Kitrontphtaltaa, 


-l-12MB.B  =  8B0-«'I2NH>4-Si>  -i-  C»nwiri 


SemhuphaabdlML 


i 


It  forms  reddish-yellow  prisms,  of  metallic  lustre,  insulsUt 
in  water,  soluble  iu  alcohol  and  ether,  and  yielding  orystallisablt 
salt?  with  acids. 

Naphtalidiite,  or  naphtylamine,  Cio  Ha  X,  is  produced,  ia  ij 
similar  way,  from  nitronaphtalasc. 


{no.} 


Nll|>liUll<ilin: 


NitrouAphtoluo. 

It  appcara  in  the  form  of  ooloarless  orystali,  soluU*  ia 
aloohol  and  ether,  and  combines  with  acids,  yielding  cryiti}- 
lisablo  salts. 

This  alkali  is  ammonia,  in  which  1  o].  of  hydrogen  ia  n>plMid 
by  napbtyle,  Cto  11? ,  and  may  be  thus  writleu  ;  N  H, ,  C».  IU 

n 

NH 

Pirin  has  lately  given  a  new  process  for  obtaining  it, 
onntista  in  the  iiiet^tmorphoses  of  the  salts  of  tbiouapbtanio  aei^ 
This  acid  contains  the  elements  of  naphtylamine  with  2  ci|a.  of 
anhydrous  sulphuric  acid,  C»  H>  N,  Si  On ,  and  when  its  mIM 
are  acted  on  by  dilute  sulphuric  acid,  aided  by  heat,  snlpliato  «i 
naphtylamine  is  deposited  in  crystals.  This  salt,  di»tiUi|  villi 
lime,  yields  the  base. 


plaaid 

1 


c.  B<utt  drrivrd  from  Oil  of  iftutard. 
These  bases  have  already   been   briefly   doscribcd   undtr  lbs 

head  of  0,l  •./  Mustard.     ThfV  are  as  follows  : 
1.   Thiotinnamine,   C,  H»  3S'i   S« ,   formed  by    tbe    action   of 

ammonia  on  oil  of  mustard. 


I 
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C.  Ht  IT S< -t-  K Hi  =  C<H>KiSi 


Otl  of  Miubud. 


Tliiastuiuiauue. 


According  to  nint.T>MrL-er,  thiosinnnmine  forms  new  bases,  in 

ttioh  1  e<i.  of  it-  is  replaowl  by  mcthyle,  etliyle,  amyle, 

ayle,  and  u.r.  ;o  Hj ).     These  basis,  except  the  two 

»t,  do  uot  crj-btuliue,  but  they  form  balta  which  do,  especially 

I  chloroplatiiiates. 

H        ) 
!  2.  Smnamint,  C«  He  Ii  • ,  or  cranaHylamiiie,  N  Ct  N    )  formed 

riuMi  thiosionamine  is  acted  on  by  hydrated  oxide  of  lead. 

C>H.K>St  -t^  2  (TbO,  HO)  =  2PbS-t-4  HO  +  CHsNt 


TUoatiuuinliHL 


SImuuniDo. 


3.  Sinapolint,  Cia  Hu  Nt  Oi .  formed  when  oil  of  mostard  is 
I'd  on  by  burj  ta  or  oxide  of  lead. 

2(C.U.NS.)  +  0PbO  +  2HO  =  2(PbO,  C0.)  +  4PbS  -f 


OU  at  MtutuiL 

Ci<  Hit  Ni  Oi 

BiujipvUne. 

14.   $inA.-<>/i>i<<,  Cio  IIu  N  Oi,  formed,   along  with    fcinapio   acid, 
binapme,  the    peculiar    baae    of   wbit«    mustard,   by   the 
•ddition  of  water. 

C.I  Ho  N  Oio  +  2  H  0  =  Cm  U.J  0.0  +  Co  His  N  Oi 


BluApine. 


8tua|4o  Acid. 


ainluklioa. 


Th«  above  equations  will  serve  to  explain  the  formation  of 
remarkable  compounds,  all  of  which,  it  will  be  seen,  aru 
by  the  action   of  bases,    and   one   of  which  contains 
|r,  an  element  hitherto  only  known  to  occur  in  one  other 
bas«,  namely,  thialduie. 


d,   Bati*  Jtrived  from  A  UltliyJe. 

boscs  are  of  recent  discovery,  and  have  been  briefly 
_  itioncd  under  Aldrhyiit.  For  tiio  convenience  of  the 
narder,  we  here  repeat  the  eqoatioa  which  illustrates  their 
fonsadon. 

S(HB«,  CB.Oi)  .»-  SHS  =  2(NB.,  S)  +  OHO  -t^  C.  B.>NSi 


AUahpi&ntiuofUjk 


TliUldioa. 

Ana 


BAffTtS   DF.niVED  FROM   OIL  OF  BITTER  ALMOl 


SflenaUtM,  Cu  Hi>  N  Se* ,  is  formed  by  •  perfectly  analngou 
process. 

r.  Sata  Hrrirtdfrom  if  dam. 

These  hasps  hnve  been  alrendy  described,  but  we  shall  hf 
repeat    the   equation,   for    the   sake  of  easy   rcfcrpnci;.     'WTifrfl 
melam  is  boiled  'with  potash  it  yields  two  bases,  mtlaminr  ud 
avimtline. 

Ci.  N.1H1.+  2(K0,  HO)  =  C^H«N. +  CN.H.O1  +  2K 

Mtflam.  ]|»UiDio«.      AumfcUnK 

/.  Batm  derirtd  from  nil  iff  hltttr  atmondt. 

Two  of  these  bases  hare  also  been  mentioned.  Mid 

was  promiwd ' 


hss  since  been   described.      We  shall 


now, 
brief 


as 
aeoount 


of  Html 


under   ^1  marine   and   Lophine,    giro   ft 
coni(>ound9. 

Amarinr,  C«Hi«Jf»,   is  formed  from  hydroU  with 

which  it  is  isomeric  or  polymeric,  by  boiling    w^  com- 

pound with  putash.    The  formation  of  hydrohenukraido  i*  tiias 
explained : 

8  (Cu  B.  Of )  +  2  N  H>=  6  H  0  -f  Cm  Di.  V, 


Bydorvl  of  Uctuwyl&  Bydrubcaiumkle. 

When    hydrobcnzareide,  a  nentml   compound,  is  boiled  w 

potash,  a  new  armMgoii]<.-iit  of  particles  takes  plaoe,  and  •  baat 

is  tlio  result.     It  is  pO!t!>ible  that  hydrubcnzamide  ia  roaltjr^ 


As.    tbM 


9!!_^'»J''V  or,  if  we   represent  -^-^J   of  Jf)   by 

hydrobenzamide  will  be  Cu  H«  Aai:  that  is  hydnret  of  benadylc>. 
in  which  Oi  is  replaced  by  Ai!i.  In  this  ease  3  equ.  of  liydr»> 
benzamide,  Ci<  H«  Azu,  roalfsce  to  form  1  e<].  of  •aairia*; 
3(CuH.  Azi)  =  C^  Hi»Ni. 

Amarine  forms  fine  white  needles,  soluble  in  bcrf  alecibal, 
insoluble  in  W8t<>r.  It  has  all  the  characters  of  ■  povatfal 
organic  base. 

Lophine,  Cm  Tlia  Nt.  is  formed  when  hydrobcnzamida  it 
distilled.  Ammonia  is  given  olT,  then  a  fragrant  oil,  aod  a  omm 
is  left,  from  which  ether  removes  a  sabstanoe  not  yvt  ezaadiMl. 
leav-in;;  the  lophine  undissoWed.  Lophine  is  soluble  in  aloakol 
with  the  aid  of  acids,  and  is  precipitated  by  ammonia.  It  fifa* 
line  silky  orj'stnlR,  which  possess  all  the  chararUrs  of  a  , 
We  cannot  as  yet  rc|irc«-nt  its  formation  awurate-ly, 
•000m|>anying  products  have  not  yet  been  properly  inva 
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but  it  u  <>%'id<«t  that  if  hydrobeozamide  be  Cu  Hits  }it,  then 
'i  u|k.  at  luiut  mutt  be  required  tu  yield  1  of  loptiine ;  and  if 
JiydrobcojEamiJe  be  Cu  II*  Azt,  aa  suggested  under  Aiuuine, 
l«ea  than  4  eqs.  could  not  furuiah  1  of  lopliiue. 

the   action  of    hot   nitric  aoid,   lophine   yields  a  yellow 
'line  oom]>ound,  trinitrolojihi/le,  the  formula  of  which   ia 

?*•  J  "x  0.  i  ^'' 

Sxs,   Pieryh,  Cii  Hi.  N  0« ,  is   formed   when  the 

produced  by  acting  on  oil  of  bitter  almuuda  by  sulphuret 

ammonium  is  dLitilled.     It  ia  one  uf  a  lar<;o   number   of 

lucts  nut  fully  examined,  so  that  its  formation   caunot  ba 

it«d  in  the  usual  way.     It  must  be  produced,  however, 

r  ooaleaeenou  of  3  eqa,  of  the  oil.     It  forms  culuurlesa  octa- 

DDs,  insoluble  in  water.     It  appoora  to  have  the  properties  of 

ak  base. 

By  the  action  of  nitric  acid,  piorine  is  converted  into  a  yellow 

■j-ttalline  powder,   Irinitro^icryU,  Co  w  v  <-.    {NO*. 

Tho  furmation  of  the  three  preceding  bases  is  very  im]iortAnt, 
in  rolfreuce  to  tha  views  expressed  in  the  general  remarks  on 
tlis  artllieial  buses,  as  Uicy  are  good  examples  of  the  power  of 
buildiug  up  complex  molecules  from  such  as  are  leas  complex. 


i 


g.  Bat  derived  from  Furfurolt. 


FmrfuToU,  Cu  II*  0* ,  is  a  volatile  oil  obtained  by  heating  bnm 
'     irid.     Wlien  this  oil  is  acted  on  by  ammonia,  it 
\  rie  compound, yi</y°Mro/u»ii</r,  analogous  to  hydro- 

btuzauuUc.     Il6  formula  is  Ct>  K  lis  Os. 

Cii  H.  0*  -f  N  H*  =  3  H  0  -I-  Ci>  n.  N  Oi 


PurfUrulo.  FurfuruUmldo. 

J'yr/itrine,  C>o  Hn  Ns  0«,  is  a  base,  formed  when  furfuro- 
fauuide  ia  diuolved  in  hot  potash,  ja«t  as  amurino  is  formed  fruin 
hydrobt-nzaniide.  Here  2  eqs.  of  furfurolamide  ooalesoe  to  form 
1  rq.  of  the  base, 

!''urfurujo  i»  a  iMiwerfiil  base,  soluble  in  hot  water,  and  crystal- 
liiaUe.  It  expiU  amuionia  from  its  salts  when  heiitvd  with 
them,  and  forms  erystalliiie  salts  with  auids.  In  eorii|i«»<it)ou  it 
•tiptvaelii'S  ut-uily  to  several  vegetable  alkaloids,  and  has  the 
Intter  tostu  and  other  projiertics  of  quinine,  titrate  of  furfuriue 
il  UMid  as  un  uuliperiodiu. 
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h.  Uata  derittd  from  Narmlmt, 

These  bases,    Colarnine,   Cm  His  NOo,  and  Xareoyenin; 
Hw  N  Oio,  will  be  presently  described  under  A'arcotinr. 


i.  Battt  ileritftd  from  Animal  proJwiA. 

Ghjcocine.  &TS.  GlycoFoll,  Sugar  of  gelatine,  C*  N  !!>  0« — 
This  remarkable  compound  wns  first  obtained  among  the  prodiuto 
of  the  decomposition  of  gelatine  by  boilii;g  with  potash  or  with 
acids.  But  Desaaignes  has  lately  discovered  that  it  is  best  pre- 
pared by  heating  hippurio  ocid  with  hydrochloric  acid.  w)mb 
water  is  taken  np,  and  benzoic  acid  is  the  only  other  prodaot. 

Cii  N  H»  0«  +  2  H  0=  Ci.  H«0.  +   C  N  Hi  O. 


Hydntod  hlppuric  acid.        Hydmt^d  boQcoic  ftdd.    HydnU^d  ftyoodttft. 

It  forms  large  transparent  crystals,  soluble  in  water,  and 
sweet.  It  has  the  properties  of  a  base,  and  netitralisea  Mids, 
forming  beautifully  orys'tnlliaed  salts  ;  but  Ilorsforti  has  sbown 
that  it  also  combines  with  bases  and  neutral  bodies.  Dy  its  eom- 
position,  it  is  closely  related  to  many  different  compounds,  aad 
probably  plays  an  imi>ortant  port  in  the  animal  oiganisoi. 

GUjcociiU  is  one  of  a  series  of  homologons  compounds,  of  vUokj 
two  others  are  known.  One  of  these  is  alanine,  alroady 
tiuncd  under  aldehydammonia,  where  a  table  of  these  oompa>aiuli 
is  given.  Glyoooine  may  be  supposed  to  be  formed  from  bydrmted 
oxide  of  formylc,  or  formic  aldehyde,  by  the  action  of  hvdxooyaafe 
acid.    Thus,  Ci  H  0,  H  O  +  C.  N  H  +  2  H  0  =  C«  X  U.  0., 

Alanine,  C«  N  Hi  0«,  differs  from  glyoocine  by  C<  Ht.  It 
formed  when  aldeliydammonia  is  acted  on  by  hydrooyaoio 
hydrochloric  acids.  The  latter  takes  the  ammonia,  and 
aldehyde  and  hvdrocyonio  acid  act  on  each  otlier  witii  til* 
of  waUr ;  C  U.  0,  H  O  +  C.  N  H  +  2  H  O  =  C  3t  Ht  0*. 
Alanine  is  in  all  respects  analogous  to  glyoooine,  and  like  tt, 
exhibits  both  basic,  acid,  and  even  neutral  characters.  Its  auwt 
remarkable  character,  however,  is  that  when  acted  on  by  hypo- 
nitrous  acid,  it  yields  lactic  acid,  Co  N  Ht  0»  -(-  X  0»  =  H  O  + 
N<  -)-  Co  Hs  Os ,  H  0.  It  is  probable  that  lactic  aoid  is  only  oae 
of  a  homologous  series  of  acids,  and  that  glyoocine,  tr<?at«l  by 
hypouitrous  acid,  may  yield  the  aoid  beluw  lactic  a<'< 
would  1)8  C< H>Oi ,  H  <)  =  C»  H.  O. .  Now  tliis  aoid  huj 
bMA  obtained  from  bippurio  acid  by  Booolotf  and  ii^tmkt'r,  and 
onlled  Gtjfcolic  arui.     Its  formation  from  glycHwine  is  as  follow 


I 

I 
safe 
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aid" 


BASES   DBRIVED    FUOM    AXIMAL    PRODUCTS.      407 

X  n.  O4  +  >'  Oj  =  2  n  0  -}-  C.  H»  0« .     it  resemWes   kctio 

tid,  and  will  be  more  fully  dcsoribed  along   witli   that  acid. 

ere  we  may  itatc  that  glyooUo  acid  and   lactic  acid  may  he 

ied    as    fonnic    acid,  coupled   with   formic   aldeliydo  and 

'•eetic  aldehyde,  and  that  i;lycocine  and  alanine  may  be  regarded 

mt  amides  of  these  coupled  acids.     Thus  we  have 

olie  Add  C>  Hi  Oi,  H  0=  Ot  H>  0.  +  Oi  Hi  Oi 

Je  Acid     Co  Hi  0>,  H0=  Ci  Hi  0.  -t-  0.  U«  O, 

foaae  .     C.  N  Hi  Oi       =  NHiO  +  C<  Hi  Oi— 2  liO=(il;cotiun]dc 
Staoioe.     .  C«  N  Ui  0.       =:NH.O-t-Ca  Hi  Oi— 2HU=Liictiunide 

But  yet  alanine  is  not  identical  nith  lactamide,  and  is  iaomerio 
B0t  only  with  that  body,  but  \nth  sarcosine,  and  with  carbamate 
oxide  of  ethyle  or  urethane. 

Lrutitie,  Ci»  N  Hi»  0«,  the  only  other  homulogue  of  glycooine 

yet  known,  may  be  viewed  as  the  amide  of  an  acid  containing 

1  cq.  of  the  aldehyde  of  valerianic  acid  coupled  with  formic  acid. 

"  add  i»,    therefore,    C»  H»  0*  +  Cio   Hio  0«.     Leucine 

obt«ined  by  the    action    of  potash  on    animal  matter,   and 

embltm  glycocine  and  alanine.     It  crystallises,  and  oombines 

with  acids  and  bases.     It  will  probably  yield  with  hypo- 

Bus  acid,  the  acid  Cj«  Hn  0»,  HO,  resembling  lactic  acid; 

Bd  other  producta,  homologous  with  those  derived  from  glyoo- 

DQ  or  connected  with  it,  such  as  hippuric  acid  (which  see}. 

Sarcoiine,  C-o  N  Hi  0« . — This  base  is  formed,  along  with  urea, 

hen  krratine  is  boiled  with  baryta ;  but  the  urea  ia  resolved 

I  oarbouio  acid  and  ammonia. 

C.  N.  Hu  0«  +2B»0  +  2HO  =  2(B»0.  C0.)  +  2NH.+ 

n/<lntoil  K7cU4no. 

C  N  H.  0. 


BAroitflnc 


Bt  forms  right  rhombio  prisms,  soluble  in  water,  fusible, 
ttile  at  a  livut  not  much  l)<.'yond  212^,  It  neutralises 
ad  baa  all  the  ohnnioters  of  on  alkaloid.  It  is  isomerio 
Ith  urethane,  or  eurhamat*  of  nriilr  iif  cthyU,  with  liictiimide  or 
thydrout  lactate  of  ammonia,  and,  as  above  mentioned,  with 
'mine. 

\  Jireatinine,  C*  X>  IIt  Oi. — This  base  ooourt  in  the  juioe  of 

»h,  and  in  urine  (Liebig) ;  hut  il  was  lint  observed  as  a  pruduot 

Ni... -..i;..,i  of  acids  un  krentinu.     When  krcatinc  is  boiled  with 

^\  !••  acid,  4  e<]s.  of  water  arc  given  olf,  and  the  new  base 

luuu'i  Lwinbincd  with  the  acid. 


408     Acnox  or  htpokiteoos  acid  ox  basb&i 
Ci  Ki  Hi.  0.  -*-  B  a  =  4  no  -h  (C>  Ki  H>  o>  ^  H  O) 


Kraatiuo.  UydrvdJunte  of  Ktmttoloe. 

KreBtii>iii><  ia  separated  from  tlie  hT<IrocIilorat«  l>^  iii««iu  nf 
oxide  of  lead.  It  funus  prisms,  solublf  in  water  ood  alookol.  It 
combiuea  with  acids,  yielding;  crystallisable  taXl»,  and  it  baa  lU 
the  cbaract«rs  of  a  {lOweTfal  orgaoic  base. 

Krcatinine  is  im|)ortaiit,  as  oeourring  in  the  animal  ofipuiMa. 
Under  the  urine  and  the  juice  of  flesh  we  shall  mtum  to  il.  Hi* 
Bubstauce  discovered  by  Pvltcnkofer  in  urine,  ia,  aoourdin^  Is 
Liebig,  u  mlxlure  of  krealiiiine  with  kreatiiie. 


We  have  now  gone  over  the  artificial  orf^ic  baaee,  ao  Csr  U 

they  have  not  been  mentioned  in  previous  sections.  It  will  b* 
seen  that  these  compounds  exhibit  a  great  variety  in  their  oon- 
position,  ax  well  as  in  their  ptoi^rties,  and  that  they  ar»  ionoed 
in  many  difierent  prooosses.  But  they  all  agtve  in  coutAiaisf 
nitrogen,  and  may  be  divided  into  two  classes,  aocurdiog  to  tlu 
presence  or  absence  of  oxygen.  The  non-uxygcnisod  biuc*  am 
liquids  or  fusible  solids,  volutiio  without  deoompositioo,  am), 
whether  as  amidic,  imidic,  or  nitrylio  bases,  may  be  regarded  w 
representatives  of  ammonia.  The  oxygenised  boaea,  on  th* 
hood,  arc  destroyed  by  heat,  and  generally  yield  one  or 
volatile  bases  when  heated.  Wetee,  alto,  that  the  invater  nnintMr 
of  artiliciikl  oxy),'euiMMl  bases,  such  as  pierine,  furfurinv,  and  tbi 
hydrated  oxides  of  tctramethylium  and  its  cougenera,  are  bittar  (s 
the  taste.  These  ore  to  be  referred  to  oxide  of  ammoutuin  as  Iha 
ty|ie  of  their  com  position,  but  as  that  is  not  permaaeBt,  to  th* 
hydrated  oxide  of  tetramethylium  as  the  tyi*  of  their  |>iup«rti«t. 
Tliis  class  of  bases  is  likely  to  admit  of  useful  applioatiuu*  in 
inedioiue,  as  is  already  the  case  with  furfurine,  and  as  tlie  bittx:! 
taste  and  stroof;  oflinitivs  of  the  oxides  of  tetnimethylium  and 
oongeuem  renders  probable  in  their  case.  The  mild  b< 
a*  kreatiiiiuv,  soroosiuo,  glyuocdne,  and  alanine,  and  the  aulpbui 
bases  from  oil  of  mustard,  have  probably  a  somewhat  llilTwl 
cuutitution. 

ACTioK  or  nrroxiTBous  acid  om  xRTincixi.  basis. 

It  is  neocssory  here  to  notice  the  remarkable  change  firodi 
<in  oomp<niud»  of  the  class  of  organic  bnse-j,  and  on  otiicn  derived 
fton  ammunio,  such  as  amides,  &c.,  by  liyi>onitruus   ooid.     tha 
reaction  is  attended  by  the  furmation  of  water,  of  free  nitrag«a, 
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Bd  of  an  oxidised  product.     We  have  nicutioned  somo  cxamjiles 

it  iumdtntally,  iia  that  of  the  eonversion  of  alanine  iiitu  lucliu 

but  this  peculiar  method  uf  oxidatioa  seems  destiued  very 

(ticb  t'l  pxtend  our  power  of  artiticially   producing  or  repro- 

-  )uic   budivs.     Piriu  has  !.howii  that  oiamido,  succina- 

i.iiuide,  and  nsparamide or  malumide,  are  tliua converted 

into  uxoliu,  Euociuic,  butyric,  aud  malic  acids.     Let  N  Ui  X  be 

^  Buy   amide.     Then  N  Hi  X  +  N  0»=  2  H  O  +  Nt  +  X  0. 

Dd  iu    llie  case  of  oxumide   we  have  JJ  Ht ,  C»  Oj  +  N  0«  = 

j[H  0  +  N'f  +  C«  Oi.     Streoker  has  found  that   hippurio  acid, 

fyiwoioe,  aJaniue,  and  leucine,  are  thus  converted  into  the  auida 

iHs  Oa,  C*  lit   On,  Co  Ho   Ui>,   and  Cia  Hia  Oa.     Mow   it  is 

tpvrtAlit  to  know  what  ii  the  result  of  the  uction  of  hyi>o- 

troua  acid  on  the  bases.     Hunt  found  that  aniline,  when  it« 

chlorate    is    warmed    \\ith    hypoiiitrite    of    tilvcr,    yields 

Joride  of   ulvcr,   nitrogen,    and   hydrated   oxide  of  phenyle, 

actly  as  might  be  expected.     Cu  U;  N,  U  01  +  Ag  0,  N  Oa  = 

Ig  CI  -(-  Xi  4-  Cn  Hi  0,  n  0  +  2  H  0.     Now  this  compound 

bean  to  aoilinu  the  same  relation  as  alcohol  does  to  etbylamine, 

1  it  was  tlierefore  to  he  expected  that  cthylamine  with  N  Oa 

Dold  yield  alcohol,  C*  H;  N  +  N  l>a  =  H  0  +  X.  =  Ch  H.O,  H  0. 

yit  Hofmanu  has  found  the  reaction  to  be  somewhat  diifereDt ; 

leqa.  of  X  Oj  act  on  1  eq.  of  ethylamine,  and  give  rise  to  hypo- 

itc  of  oxide  of  ethyle,  C«  Hi  N  -|-  2  N  0,=  (C.  H»  0,  NOa) 

Ht  +  2  H  O.     Here,  then,  wo  have  formed  from  the  base,  not 

}  hydrated  oxide,  but  the  anhydrous  oxide  of  the  radical  ethyle, 

liioh  hun  conihiued  with  the  second  eq.  of  N  Oa.     But  from  tlie 

(■nitrite  the  alcohol  or  hydrated  oxide  may  be  obtained,  by 

Be  action  of  eulptiohydiate  of  potassium,  (C<  Ha  0,  N  Oa)  4~  ^ 

^.8,  US)  =  (C.  Ha  0,  HO)  +  N  Ha  +  2HO  +  6KSa.  Hence 

h  will  be  [loswble,  if  wo  can  obtain  any  base,  the  alcohol  of  whioh 

I  unknown,  t4>  ubtoiu  tlie  alcohol  as  above.     Uofmann  has  done 

I  with  amybuuiue  und  propylamine,  as  well  as  ethylamine,  or 

Las  shown  that  it  may  be  doue,  although  be  has  not  yet  described 

propylie  alcohol.     But  there  can  now  be  no  doubt,  that  if  wu 

aid  ubluia  propylamine,  butyluniine,  caprotylamiuo,  or  any  of 

!  bosea  ol  that  iMTien,  iu   Ouusideruble  quantity,  as  we  may  one 

By  be  able  to  do,  from  the  oil  of  tor  or  animal  uLI,  wo  shall  then 

I  able  to  obtain  the  hyponitrites,  and  from  these  the  hydrates, 

Uie  oxides,  C,  H,  O,  C.  H,  0,  Cia  Un  0,  Ac ;  that  is,  the 

jrlio,  butylic,  and  ouprutylio  aleohuls.     In  general,  the  action 

FhjrjmuitrouH  acid  on  all  the  known  artitioial  buses  shoidd  ba 

efuUy  htudicd. 

Let  Mm  now  turn  to  the  natural  urj^auiu  buses. 
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1.  A'almnl  AOalei^  tr  T^^Mt 

The  alkaloiih  oocur  in  eomlniiBtion,  genei 
B«i<U ;  and  they  ore  separated  fram  these  oomblnatioM 
■une  means  which  are  employed  in  the  ease  of  iaergaiiic  \mam, 
modified  in  each  ease,  according  as  the  alkaloid  is  aalitUa  « 
insoluble  in  water  and  other  solTents,  fixed  or  ToUlil*  «!■& 
heated.  That  quinine,  morphine,  and  strychnine,  are  •epaiste4bf 
adding  to  their  soluble  salts,  lime,  ammonia,  or  magnoaia,  vkU 
form  soluble  salts  with  the  acids  which  are  present,  viiik  tk* 
alkaloids,  being  insoluble,  are  precipitated ;  oodeine,  being  mIoMi 
in  ether  as  well  as  water,  is  first  set  free  by  potash,  aad 
being  added  to  the  aqueous  liquid,  is  agitated  with  it,  aad 
to  the  suriaoe,  carrying  the  codeine  along  with  it,  and  tiM  shm 
prooeaa  applies  to  other  alkaloids.  Lastly,  ooniine,  niootiac,  aad 
other  volatile  alkaloids,  are  obtained  by  dutilling  their  salta  wiik 
aa  excess  of  liquor  potaaste. 

The  alkaloids,  like  ammonia,  combine  with  hydrognt  teiit, 
forming  salts,  without  the  addition  of  water  or  its  elements  fadag 
ncocAsary ;  some,  also,  like  anunonia,  refuse  to  comfaioo 
unhydrous  oxygen  acids,  requiring  1  eq.  of  water  to  furm  dr^' 
Their  bydrochlurates,  like  sal  ammoniac,  form  double  aaita  villi 
the  bichlorides  of  platinum  and  mercury. 

The  salts  of  most  of  the  alkaloids  are  preoipitAted  u  *-»—*««' 
by  infusion  of  gitlls. 

The  alkaloids  arc  generally  decomposed  by  chlorine,  br«MBia«v 
and  iodine,  fiirniin);  substitulion-pruduets,  some  of  which  hart 
been  described.  They  ato  also  decomposed  by  nitric  acid,  sent 
of  tliem  will)  a  deep  red  colour. 

Home  of  them,  such  as  quinine,  strychnine,  dto.,  when  heated 
vrith  strong  caustic  potash,  yield  oily  compounds,  which  ar*  alss 
haaes,  such  as  quinollne,  methylamine,  ettiylamine,  &c. 

We  ahull  now  briefly  describe  the  indi\-idual  alkaloids,  di' 
them  into  groups,  according  to  their  characters. 


a.  Liquid  VolaliU  Bata. 

Nicotine,  Ck  Hj*  Ni^q"  ,,'  ^  J  and  corresponding  tot!"  C- 1  • 

This  baae  is  found  in  tobacco,  and  is  obtained  by  distilling  tt)4^ 
concentrated  infusion  of  the  leaves  along  with  potaab.     The  dis*'  _ 
tilled  liiiuid,  which  contains  nicotine,  water,  and  amnoaia,  i* 
noutralinud  by  sulphuric  acid  and  the  neutral  solution  dried  a|y^ 
Alooliul  then  diksulves  Itio  sulphate  of  nicotine,  leaving  unditonlve^H 
4lw  sulphate  of  uumonia.  The  pure  sulphutc,  distilled  with  |icitaah,^ 


snoonyK. 


ftCli).     It  b  pFDtekl*  tiMt 

I  jilt  learea  of  lefaacan,  i» 
ki«ntadoa  to  whkb  Ik*  kmwm 
lobMoo ;  tai  thtxt  it  mIm  «■■■■  l»  b^ 
nkt  Mtion  of  beat  oa 
e  oomparaliv*  dmfBtkj  wt  te ) 
th«  prodneu  of  Um  firttOBtM  of  < 
nitrogen. 

^■kf"*  fantiaer,  pcJaoa«d  Us  by  | 
^KrUish  be  bad  fnpmttA,  it  ia  mU,  i 
^KAooordiog  to    Kckale  aaA 
^^r  V  IT 

moIc«uIes  of  ainmoai*  ^  u    {  >■  viUifc  H«  b  milmil  Vjr  tfca 

^Mnp  Cio  Hi  .    It  M  ao  ^dbt  ftaai  ikia  pwliai  inililaliiw 

Hliii«a. 

^piic  »ttlu  of  Meodaa,  eytjafly  ita  itmUm  arita,  wyitolBto  wriL 
iotfenMOtoM,  ZCbHu  5«+  U  ■  tiwiw J  wfcea  atiw  i lal  lolatiwa 
of  ioiliaa  aad  niootiaa  are  mixed.  It  tmrna  iaa  nibjr-rtd  ■wealar 
WTatal*,  fiuibleat  2):r^  It  ia  a  bw*,  aad  with  bjdiacUana  acid 
fiMina  a  talt,  wluch  cry  ttalUae*  in  ftoa  Malea  af  a  p«le  rnbjr-nd. 
Aa  in  nicotine,  LheSeq.  of  hTdntgeaof  aa»eatsaiaalli«|daead 
up  Cu  U> ,  ao  we  oaoBoC  obtain  aaj  Toistila  iidda  or 
bjr  aobatitattag  etk^  wtAjit^  Ac,  for  hjdfqgta. 
I  oUain  ammooiBm  baaaa  by  adding  nctbjle  to  nioi/tinv. 
fanning  a  group  like  ammoniam  or  tetectbjliiun. 

JtgdraUd  oxide  of  ifelhyUmictdium,  ^^"^'^  |  O,  H  0.   ia 

Iwhen  iudide  or  brouide  of  metbjrie  acts  on  niootiae,  and  the 

rbntmide  of  inctiiylonioutium  tiiiu  formed  i>  deoumpoaed  by 

■ilver.     The  hydrate  doe*  nut  crjEtaUiau,  hut  fomu  a 

»,  loluble  in  water,  caustic,  alkaline,  and  viry  bitter. 

I  are  toluble. 

lydraUJ  Oxide  of  EthyUmitotium  N  ^  ^^  I    0.    11    0.    ia 

like  the  preceding  base.      This  base  form*  a  radiatnl 
very  aolttble  iu  water,  alkaline,  cauttib,   anil 
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bitter,  attruoting  curbouio  acid  from  the  air,  as  do««  also  tbe  j 
oodiog;  one.     In  Aliort,  both  of  them,  like   Ilofmauu'g  aniiuu 
bases,  very  much  resemble  oaustio  potash,  and  ore  at  the 
time  bitter  lilie  quinine. 


Hydrated  Oxide  of  Ami/lonicotium,  K  .,     w 


0,   H  O,    is 


=^1 

ul 


obtained  like  the  two  preceding  bases,  and  has  similar  oharaetank 
It  will  be  seen,  tliot  while  nicotine  itself  reprc^mts  a  doufala 
molecule  of  ammonia,  the  H*  of  each  alone  1>  <  «d  by  tils 

group  Cio  Ht  ,  in  these  new  bases,  this  group  ■•  r'y'    T'"* 

is  ascertained  by  the  neutralising  power.    C<o  iiu  !«■  (Micotiiia) 

neutralises  as  much  acid  as  2  N  Hs ;  but  N  , ,'"  ii'  $  O,  II  0,  or 

Ci<  Hu  N  0,  II  0,  the  hydrated  oxide  of  othylouiootium,  n«atn> 
lisca  the  same  weight  of  acid  as  N  Hi  or  N  II<  O,  U  0. 

Caniine.     HfV.   Conic,  Cis  His  N.     This  base  oooun  in  th* 
hemlock,  Cmiium  maculatum,  and  is  eztructed  by  a  procea  qniU  I 
analogous  to  that  above  described  for  nicotine.     It  is  also  aa  oilfJ 
liquid,  boiling  at  338°,  highly  x>oioo°<^>^>  "^^  easily  deeompoMd/ 
Its  taste  and  smell  are  both  very  acrid  and  disagreeable,  aair 
Somewhat  aiialo)^us  to  those  of  nicotine.     Its  salts  are  acrid  aai 
poisonous,    crystallising    with    dilUoulty.     As  it  is  tb« 
principle  of  the  couium,  oouilne,  either  pure  or  as  a  salt,  < 
to  be  used  instead  of  the  extract  or  tincture,  which  ara 
variable. 

Kekule  and  Planta  have  shown  that  the  coniioe,  extraoted  fkna ' 
hemlock,  is  a  mixture  of  two  or  more  homologous  basM,  UMMufy, 
coniine,  C'i<  Uiit  N ;  methyloconiinc,  Cm  Uir  24  ;  and  (Mrliays 
ethylutiouiine,  Cio  Hit  N.  Both  the  two  latter  bosoa  mmy  ht 
formed  from  coniine,  and  as  they  are  still  homologfius  wilii 
>'  U*  and  Volatile,  it  is  clear  tlmt  coniine  has  not,  lika  niooUM, 
aU  the  3  eqs.  of  hydrogen  replaued,  but  only  [tort  of  tiwa ; 
according  to  Kekule  and  Planta,  2  eqs.  are  replaced  by  the  groBp 
C'lo  IIi«.  The  new  bases  ore  therefore  nitryle  bases,  lika  etliylo* 
dimethylamine  and  others,  while  ooniine  is  an  imide  base. 

The  salts  of  ooniine  are  soluble,  but  do  not  in  general  ciystal-  M 
liae  easily.  1 

Coniine  appears  to  fonu  substitution-products  witL  diloriac  and 
bromine,  which  crystollisic,  but  ore  not  well  known  as  yeU 

^£%A«:«««Vn<!,N^'J||*  I  =  Ci»  n.i  S,  is  found  in  the  ooaliae 

of  commerce,  and  may  be  obtained  by  the  action  of  iodide  of 
mctliyle  on  coniine,  or  by  that  of  heat  on   hydrated  oxide  «t  i 
ethylomelhylooouium.     It  is  verj'  simihu'  to  ooniine. 

EauljconiiMe.  S  ^*  11'^'  I  =  C«>  H.,  N.      This  base, 
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;y  pcrhop*  occar  with  the  two  preceding,  in  »ome  spccimenii  of 
,  tu  judf;e  by  the  discordant  resultD  of  tlic  unulysei  mado 
ooniinewas  supposed  to  ocuur  nlone,  is  best  procured  by 
the  action  of  iodide  of  «'thyle  ou  ouniine.  It  is  a  basio  oil,  very 
Ukc  ooiiiine.  Its  salt*  also  are  analogous  to  tliose  of  oomine  and 
mt'tliyK>ci)niine. 

Ci«  Hu  \ 
Jfydrated  oxide  of  et/iylomeUit/loeonium  y  Ct    lU     |0,  HO^ 

C«   Hft     ) 

H»  K  Oi.    This  ammonium  base  is  formed  when  iodide  of 

yie  acts  on  melhyloconiino.      T)ie  iodide  of   vthylomethylo- 

Dium  thus  formtd,  yields  splendid  crystuis,  and  tliu  solation  of 

ese  acted  on    by  oxid«  of   silver,  givus  the  hydraled   oxide, 

hioh  does  not  cry^iUillise  readily,  but  is  very  alkaline,  caiuitlc, 

bitU'r.      When  heated,  it  yields  water,  ole&uit  gas,   ond 

lyloooniine. 

Hjidrattd  oxide  of  dielhyheonium,  N  C-«  Ha     J  0,  H  O  =  C94 

C.  Hs    ) 
Rm  If  Of .    This  base  is  formed  like  the  lust,  by  acting'  on  ethylo- 
ntino    by  iodide  of  ethylo,  and  dcoomposinR  tlio  iodide  with 
ixide  of  silver.     Tlie   hydrate   is  very   alkaline,   caustio,   and 
tter,  and  is  re«olved  by   heat  into  defiant  gas,   water,   and 
•thyloooniine. 
Wo  see  that  in  nicotine,  the  group  Cio  II»  replaces  Us ,  whether 
10  II7  be  a  single  or  a  triple  group,  as  for  example  (Ci  II,  C« 
,  C*  111) ;  while  in  coniine,   the  group  Ci«  Hu  replaces  H», 
hellier  Ci<i  Hi*  be  single,  or  double,  as  (Cm  Ht  ,  Co  Ht)  or  some 
ilhi-r  combination.     Consequently  nicotine  is  a  nitrj-lo  base,  liko 
trimt'thyliimine,  and  coniine  an  iraide  base,  like  dimothylaminc. 

Sjtartrine,  Ci«  Hu  N.     This  base  occurs  in  broom  {Sparliiim 

teopariiim).     It  is  a  ratluT  rancid  oil,  of  a  very  bitter  ttiate.     It 

deooni|>ose<l  by  hot  nitric  acid,  yielding  when  chloride  of  lime 

is  addi  d  to  tliii  [>roduot,  chloropiorinc.     Boiling  hydrochloric  ooid 

decompoMsa  it  with  un  odour  of  mice.     Its  salts  ore  little  known. 

Htcnhousc.) 

The  three  bases  jnst  dcsoribed  arc  the  only  natural  bases  belong- 
ing to  the  strongly-marked  group  of  volatile  oily  bases.  But 
■cvcrol  artificial  compounds  iiro  known,  which  belong  to  this 
up.  These  have  been  doHcribed  in  their  profK-r  plnce,  and  it 
be  aeon  that  their  analogy  to  niootiue  and  coniine  is  perfect. 


J,  Sattt  of  Cinekona  Bart; 

a.   Quintno.     C«>  II.«  X  n,,  or  C»o  Hm  Xt  O4+  n  aq.     Bx!f. 
Fp^ih;..,'.     'i'bis  iu)|)ortaut  alkaloid  is  found  along  ^^  ith  (linaho- 
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nine,  in  most  species  of  cinchona  bark.  It  prsdominatca  in 
yellow  bark,  Ciiichtma  Jlava,  China  regia,  at  C.  ealuaya  :  and 
is  obtained  by  boiling'  with  an  excess  of  milk  of  lime  tbc  dc«o»- 
tion  in  diluted  hydrochloric  acid  of  the  biirk,  and  trratinf^  tba 
precipitate  with  hot  alcohol,  which  dissolves  ciuohonine  ud 
(joinine.  On  evajwration,  the  oinchonine  is  de|iu8ited  in  crystals 
and  the  quinine  remains  dissolved.  Water  is  addrd,  which 
causes  the  quinine  to  separate  as  a  resinous  mass.  It  may  be 
obtained  in  crystnls  as  a  hydrate  with  6  uq.  Tluro  i*  anotlicr 
crystalline  hydrate  with  2  aq.,  by  the  spontaneous  evajioratioo  of 
its  solution  in  absolute  alcohol.  It  is  very  sparingly  solubUi  in 
water,  but  very  soluble  in  alcohol  and  iu  avids.  Its  solutioni  m 
very  bitter.  When  heated  with  hydrate  of  potash,  it  jneld* 
carbonate  of  |x>tush,  hydrogen  gas,  and  quinuline  or  Irvcolint 
(see  p.  440  et  teq.) 

Uuinino  is  decidedly  alkaline,  and  neutralises  the  acids.  It* 
salts,  e8[>ecially  the  sulphate,  are  very  much  used  in  medioiiw, 
especially  as  febrifuge  and  tonic  remedies,  in  most  cauea  Ttrf 
superior  to  the  bark  in  substance.  The  sulphate  of  qoinuu  nsad 
in  medicine  is  2  (C«  H,.  N.  0»).  2  S  Oj,  2  H  0  +  U  aq.  Th« 
acid  sulphate,  Cw  Hu  Ni  Ot ,  2  S  Os ,  2  H  0  +  14  aq.,  ia  miieli 
more  soluble  in  water ;  hence,  in  draughts,  sulphate  of  quinia* 
is  generally  dissolved  in  diluted  sulphuric  acid.  The  hydrooUo- 
rate,  pho5]>hate,  citrate,  and  ferrocyonate  of  quinine  have 
been  employed  in  medicine. 

Methylnquinium,  Qm>  f.*t,    >  Ni  0«.     This    compound,  hoi 

logons  M'itli  ammonium,  is  obtained  as  iodide,  when  iodide  of 
methyle  acts  on  quinine.  From  the  iodide,  by  the  usual  means 
of  oxide  uf  silver,  the  hydrat«d  oxide  is  obtainrd,  which  is  prv 
bably  a  strong  base,  but  has  not  been  fully  described. 

Sthi/loqninium,  Cto  q*U     |  Ns  Ot  is  formed  when  iodide  of 

ethyle  acts  on  quinine.  The  hydrated  oxide,  prepared  from  tlw 
iodide  by  oxide  of  silver,  is  an  energetic  boite,  which  otlrMta 
carbonic  acid  from  the  air.  The  preceding  base  ia  atid  to 
resemble  it,  which  is  no  doubt  true. 

We  may  here  mention  the  remarkable  salt  diaooTered  by  Vr. 
Herapath,  which  is  formed  when  bisulphate  of  quinine  ia  diaaolvcd 
in  strong  acetic  acid,  warming  the  solution,  and  an  tilmihttlia 
solution  of  iodine  added  drop  by  drop.  The  mixture  b«ia^ 
allowed  to  stand  in  a  quiet  place,  deposits  large  hexagonal  plat^a, 
which  by  rcflioled  light  are  emerald  green,  with  metallir  Initrs 
Tike  the  elytra  of  the  golden  beetle.     By  transmit t  Ley 

have  only  a  faint  olive  colour.     If  two  of  these  pi..:  .^if 
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poccd,  so  t)iat  their  I&rger  diameters  are  at  right  angles,  no  light 
psMM  through,  even  when  the  crystals  are  no  thicker  than  ^th 
of  an  inch.  This  h  exactly  what  happens  with  two  tourmalines 
of  whii-h  the  aies  arc  crosseJ.  If  polarised  light  be  used,  it 
jiassea  through,  giving  to  the  uncovered  part  of  each  plate,  com- 
pleitientary  colours,  such  as  green  and  rose-colour,  while  the 
dotiblo  or  covered  part  appears  of  a  deep  chocolate  brown.  Hence 
those  crystals  may  be  used  as  polarisers  and  depolarisers,  and  they 
have  tlie  advantage  of  allowing  far  more  light  to  pass  through 
than  tourraalinea. 

The  composition  of  this  salt  is  C^o  Hm  N«  Oi ,  It ,  2  S  Oj  .  2 II  0 

4-  10  a/).,    and    it   may  be    considered    as    the   bisulphate    of 

I  nine,  a   hue    composed    of    <jiiinino  -|-  2  eqs.   of  iodine. 

•  \  such  a  compound  is  formed  when  iodine  is  triturated  with 

.';  as  an  amorjihous  brown  mass,  very  similar  to  iodooinoho- 

6.  QuiniJine,  Cm  Um  Ni  0«  -(-  4  aq.  This  base,  isomeric  with 
qaininc,  is  obtained  from  what  is  called  iu  commerce  quinoidine, 
uliich  is  an  amorphous  basic  substance,  found  in  the  mother 
liquors  of  quinine.  This  is  a  mijiture  of  quinine  and  quinidine. 
The  latter  is  much  less  soluble  in  ether  than  quinine,  and  crystal- 
lises when  pure  with  great  facility,  in  large  rhombic  prisms, 
wliH'h  effloresce  in  the  air.  It  diifers  from  quinine  also,  in  its 
...•,.,  on  polarised  light,  for  quinine  causes  deviation  to  the  left, 
:iac  to  the  right.  The  neutral  sulphate  of  quinidine  is  liko 
Luai  .jI  quinine,  and  may  be  used  for  the  same  purposes. 

c.  Quinieine,  Cto  H,,  N«  0».  This  base,  also  isomeric  with 
iiuiuine,  is  formed  when  the  salts  of  quinine  or  of  quinidine 
heated  for  some  time  to  about  248*  F.      It  is  bitter  and 

brifui^e,  insoluble  in  water,  very  soluble  in  alcohol,  and  causes 
ialion  of  the  piano  of  (Milarisation  to  the  right.     It  does  not 
"•ppcar  to  crj'stallis©. 

d.  Cinehonine,  Ou>  Tin  Ni  0« .  This  base  predominates  in  the 
cy  boric  Cinchona  condaminea,  or  C.  rubiginom,  and  is  also 
Btid    in    large  quantity,  as  well  as  quiniue,  in  re<l  bark,  C. 

'.      Its    preparation   has   been   above   described.      It 

■  very  readily,  and  is  not  so  hitter  as  qninine,  although 

jlily  febrifuge.     When  heated,  a  considerable  part  is  sublimed. 

lien  dihtilled  with  potash,  it  yields  quinoline.     It  neutralises 

aciils,  forming  orystallisable  salts,  whioh  may  be  substituted 

'  those  of  quinine. 

[It  is  very  important  to  observe  that  ciuchonine  only  differs 

quinine  by  2  eq.  oxygen  ;  and   olthough  hitherto  no  one  has 

eded   in  converting  one  into  the  other,  little  doubt  onn  bu 

lined  that  this  will  be  accomplished   in  ytooeta  of  time. 
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The  fact  that  both  yield  quinolino  is  very  interestinfr.  Cinotus.iM> 
yields  with  clilurine  and  bromine  aubstitution-buses,  ohlonK-ig- 
chonino  and  broniooinchonine,  &c.,  iii  which  1  et).  at  hjditigtt  ii 
replaced  by  chlorine  or  bromine. 

Quinine  and  Cinchoninu  may  be  diRtin^ui^bcd  in  tnlntions  br 
adding  first  chlorine  water,  no  as  to  make  tlie  liquid  yellow,  aad 
then  a  little  ammonia,  which  Htrikus  a  preen  c.)lour  wiUi  qumio', 
but  not  with  cinchoniae.  If  too  much  ammonia  have  not  bArti 
added,  the  green  colour  ohangea  to  violet  on  the  addition  of  i 
little  more  chlorine. 

«.  Cinchoniiline,  PtoHitXiOi.  This  base,  iaoaerie  vitll 
oinchonine,  oocura  in  a  baric  resembling  the  Huamaliea  oiimImo* 
bark,  also  in  the  Cinchona  bark  of  Maraoaibo,  and  in  that  mIM  •( 
Roti^ta,  It  is  extracted  by  the  same  process.  It  forms  iwni, 
brilliant,  rhomboidal  prisms,  striated  on  the  faces.  They  tit  \ 
soluble  in  alcohol,  very  sparingly  soluble  in  wat«r  or  etiur. 
liuth  this  hoae  and  einohonine  oajise  the  piano  of  polarisatioa  la  j 
deviate  to  the  right.  ^ 

/.  Cinc/iinicine,  CwITmNiOi.  Tliis  base,  iaamerie  with  (JmI 
two  preceding,  is  formed  hy  the  action  of  heat  on  the  sulphaUl 
of  einohonine.  It  is  insoluhlu  in  watt-r,  soluble  in  alookol 
amorphous,  bitter  and  febrifuge,  causing  deviation  of  tb«  ] 
polarisation  to  the  right. 

Sicfilomclnchonine,  Cm  f^^  (\iO«.      This    base     In 

chlorine  replaces  2  eqs,   of  hydrogen  in  cinchonine,   is 
when  chlorine  is  pa&scd  through   a  solution  of  the  aoid  hydp>- 
ohlorate  of   cinchonine.      It  is   precipitated   by   oinnionia,   aaA 
crystollLies  from  alcohol  in  minut«  prisms.     It  forms  salu  vith 
acids. 

Bromocinchonine,  C«o  JJ"  >  Jf i  Os ,  ia  formed  hy  the  oftiaB  s* 

bromine  on  the  acid    bydroohlorate   of   einohonioe.     It  fotaw 
scaly  crystals  and  produco*  salts  with  some  acids. 

Seiquibromocinchonine,  C».i  Ily  IJrJ  N.  0,,  is  formi^ 
with  Uie  preceding  ba>r.  ll  may  be  obtained  in  slrndcr  arii 
crj'Stals,  and  has  a  fitblo  biltiT  taste,  but  is  aUcalisc.  Its 
cni-stullise  readily.  The  fnriniilA  appears  stranj;*,  but  it 
inteuiied  to  slmw  that  the  '24  e<|s.  of  hydn>gttu  in  ninoiiunia*  an 
here  made  up  in  the  proportion  of  22J  to  I]  of  hydrcfMi  aad 
bromine.  n«»  is  =  U22»  and  Br  J  is  =  Ilr  1|  :  the  Utter  ««• 
pr«iMion<<,  however,  are  never  used,  as  boing  i'  'i  lk« 

very  notion  of  oloms.     It  is  not  easy,  li"v  i  liu 

:p  leas  inconMntcnt  w  ' 


•loB^I 

iouIi^H 

■ilt«^ 


is,  that 


I  are  probably  never 
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■odi  groups  may  he  supposed  to  be  divided,  which  atoms 
(Nuuiot  be. 

Sibromocinekonine,  C«)  jj"  {  NtOi  is  formed  like  the  two  pre- 
ceding, using  on  excess  of  bromine.  It  is  separated  by  ammonia, 
and  forms  pearly  needles,  and  sometimes  ootohedral  orystals,  the 
latter  being  a  hydrate  with  4  aq.     It  is  also  basic. 

lodocinchonine,  2  (C<o  Hm  K<  Oi  )  -|-  Ii ,  is  not  a  subatitution- 
ptoduct  like  the  preceding  four  boaes,  but  is  ciuohonine  plus 
wdiae.  It  is  formed  when  the  two  are  triturated  together. 
Alcohol  dissolves  the  mass,  and  by  spontaneous  evaporation 
defiosits,  first,  sa&on-oolourcd  tabular  crystals  of  iodocinchonine, 
ad  then  hydriodate  of  cincbonine.  The  former  is  insoluble  in 
irley-water,  which  dissolves  the  latter.  It  is  slightly  bitter, 
luble  in  alcohol  and  ether. 

Mtthyhcinchoniitm,   C*a  ,,'*„    >  Ni  Oi,  is  obtained  as  iodide 

lien  iodide  of  methyle  acts  on  cinchonine.     Treated  with  oxide  of 

Iver,  tlii*  salt  yields  the  hydratod  oxide,  which  is  a  strong  base, 

bluble    in   water,  humulogous  with  hydrated   oxide    of   tetra- 

etliylium.     Its  salts  ore  very  soluble  and  do  not  readily  orys- 

lltihtjloeinchonidium.  This  is  the  radical  of  another  strong  base 
eric  with  the  preceding,  uud  its  iodide  and  bydruttd  oxide 
I  obtained  in  the  same  way,  from  cinchonidine,  and  resemble 
tlioae  of  methylocinchonium. 

line,    cinchonine,  quinidine,   cinchonidine,   quinicine,  and 

[ticine,  all,  when  heuted  with  potash,  yield  quinoline,  a 

i&le  oily  base,  already   alluded   to. 

_  g.  Ariciut,  C^o  IIw  Xi  Oo.     This  base  was  found  in  1828,  in  a 

cinchona  bark  frv>m  Arica,  in  Peru,  and  has  not  since  occurred. 

It  is  yer>-  similar  to  cinchonine,  from   which  it  diii'ors  in  being 

soluble  ill  etlnT.     Ariciuo   forms  prismatic  crystals  larger  than 

those  of  ciuchoniue.    It  is  sparingly  soluble  in  water,  very  soluble 

alcohol,  soluble  in  ether.     It  has  a  bitter  taste.     Xitrio  acid 

olvcs  it  >rilh  an  intense  green  colour,  but  decomposes  it.     Its 

to  are  very   soluble,   and  crystallise  readily.      The   neutral 

Ipliat«,   however,   forms,  when  its    hot  solution  is  cooled,    a 

BlatinouB  mass. 

Besides  the  above  bases,  other  alkaloids  are  said  to  hare  been 

found  in  diiTcrent  s|)ecies  of  cincliona ;  as  pilaj/ine,  in  the  China 

■■■' '  ''".irinr  in  the  CVji'hu  nora,  another  alkaloid  in  the  China 

■  '««,  hlanquinine  in  th»  China  hlaiiea,  which  is  the  bark 
(]i  I  iniiiniia  uvifutia  and  C,  mnrrocarpa ;  and  crnchoratine  in 
Cinchona  ovnta.  This  loot  crj'slallises  well,  and  forms  crA-stallinnble 

K  K 
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salts.     It  ha«  been  auulyted,  and  the  resulls  lead  to  the  foi 
Cm  IIm  Nt  0> ,  80  that  it  is  the  same  oa  aricine. 


c  B<uei  oftAt  PftpamrraetO:. 

a.  3[orjihinc.  Cm  Hi»  N  Os  +  2  oq.  lliis  alkaloid  oocun  in  ( 
which  ia  Uie  inspissated  juice  of  Paparrr  tomniferwm.  Perha|atJie 
easiest  method  of  extracting  it  is  the  fullowin;;.  The  aolnUa  pari 
of  opium  is  extracted  by  watt^r,  and  tlie  oonoentrat«.-d  '""^i'^^  '» 
mixed  with  solution  of  chloride  of  oaloiam,  this  salt  bcilif  »ii»k 
in  slight  excess.  On  standing,  especially  if  warmed,  tiie  mizteli 
deposits  a  copious  brownish-;pt>y  precipitate  of  mixed  nrnennatl 
and  sulphate  of  lime  (the  morphine  beiog  in  the  opium  pattlj  W 
meoonate,  partly  as  sulphate),  while  hydrochloratc  of  morfkiM 
remains  in  solution  with  a  very  large  proportion  of  dark  bnwB 
colouring  matter.  The  brown  solution  is  evaporated  till,  M 
cooling,  tlie  hydrochloratc  crystallises,  forming  a  neatly  mU 
mass,  which  is  subjected  to  very  strong  pressure  in  flaimcL  X 
thick,  riscid,  nearly  black  mother-liquor  is  thus  exprc^aed,  wUcb 
oontains  all  the  narcotine  and  colouring  matter.  The  ti{iu«n4 
mass  or  c^ke  of  hydrochlorate  of  morphine  is  of  a  fawn  eoloor.  It 
ia  redissolved  in  hot  water,  filtered  if  neoowary,  and  iMlj'iUl- 
lised,  so  much  water  being  used,  that  on  cooling  a  scmiaoUd  naM 
ia  obtained.  This  is  again  squeezed  out,  and  if  the  •qoacMl 
cake  is  not  quite  white,  it  in  only  necessary  to  reiie&t  the  oipan- 
tion.  A  little  animal  cliarcoal  in  the  second,  or  better  still  ia  lib* 
third,  crystallisation,  as&ista  in  removing  the  last  traoM  of  aat«w. 
The  second  and  third  mother  liquids,  although  oolourod,  •!•  arf 
to  be  thrown  away,  but  should  be  added  to  the  solution  of  a  tnA 
portion  of  opium,  so  that  the  small  quantity  of  bydn>eklonti 
which  is  retained  in  solution  shall  not  be  lost.  In  0T7«taUui>| 
hydrochlorate  of  morphine,  the  liquid  should  always  bo  mUo* 
lated  with  hydrochloric  avid  (after  the  animal  okmnoal  !i 
separated),  because  in  this  way  very  little  indeed  ia  retaiiMd  ii 
solution. 

The  purified  hydrochlorate,  which  atiU  retain*  alMat  ^  a( 
oodeine,  is  now  dissolved  in  hot  water,  and  supenatiutUed  wttk 
ammonia  ;  on  cooling,  the  morphine  is  deposited  aa  a  sttov-whtii 
orystalliae  powder,  which  may  bo  crystallised  by  maoiM  of  iMt 
alcohol.  The  codeine,  with  tome  of  the  morphine,  mnaiat  ia  tbi 
mother-liquor. 

Morphine  forms  hard  tranaparent  brilliant  crjprtala,  ihiwl 
insoluble  in  water,  soluble  in  hot  alcohol,  insoluble  in  et^sr.  U 
ia  decidedly  alkaline,  neutralising  acida,  and  farming  i 
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AH  its  MluUons  are  bitter,  and  act  as  narootic  poisons.  It 
ia  coloured  red  by  nitric  acid,  and  browni:>h  red  by  iodic  acid  ;  it 
also  strike*  a  deep  blue  with  perchloride  of  iron. 

The  salts  of  morphine  are  much  used  in  medicine,  especially 

Ihydrochloratc,  the  acetate,  and  the  sulphate.  A  solution  of 
of  these  salts,  of  five  grains  to  the  ounoe,  moy  be  adminis- 
■k  the  same  dose  as  tincture  of  opium  (laudanum).  The 
^plutnte  or  muriate  is  prepared  as  above  described,  and 
JB  used  in  the  state  in  which  it  is  obtained  by  repeated  crystal- 
JMation,  uontaiiiin^  ^  of  its  weight  of  a  mixed  hydrochloratc 
orphioe  and  cudvioe,  whio)>  has  much  the  same  action.  The 
ate  and  sulphate  ore  best  ninde  directly  by  dissolving  in 
I  and  talphurio  acids  the  precipitated  morphine  till  they  are 
,  and  then  evaporating.  1  lb.  of  good  opium  yields 
hydrooklorate  of  murpliine.  These  salts  are  most 
Jynes,  and  do  not  derange  the  stomach  nearly  so 
|uivalent  dose  of  laudanum  ;  but  they  do  not  act  so 
^producing  sleep  as  in  allaying  pain  and  irritation  ; 
least  the  sleep  they  induce  does  not  come  on  so  soon  as  iu  the 

tuf  laudanum.  The  patient,  however,  even  when  ho  does  not 
),  feels  refreshed,  almost  as  if  he  bad  slept,  and  on  the  whole 
preparaliims  of  morphine  are  preferred  by  tlie  physieinn, 
have,  in  this  country  at  least,  nearly  banished  the  use  of 
uium.  The  black  drop  contains  impure  citrate  of  morphine. 
When  morphine  is  acted  on  by  sulphuric  acid,  it  yields  a  com- 

Vud,  ml/ihumorjihith,  said  to  be  analogous  to  sulphumide,  but 
yet  fully  studied.  When  heated  with  i>otush,  morphine  yields 
«aaie  of  the  volatile  bases  of  tlie  series  of  cthylaminc,  at  all 
ere&tn  one  of  these,  methylomine,   and,  it  is  said,  also  propy- 

^Bllwn  boiled  with  iodine,  morphine  is  converted  into  a  brown 
nuirphoua  substance,  soluble  in  hot  acids  or  alkalies,  and  depo- 
■it*d  u  tbo  solutions  cool.  This  is  lodomorphiue,  which  is  said 
to  oonsist  of  4  eqs.  morphine  and  3  eqs.  iodine,  a  very  doubtful 
fimntiUl.  The  analysis  gave  4- J  per  cent,  too  little  iodine.  lodo- 
morphinc,  acted  on  by  mercury,  yields  protoiodide  of  mercury, 
and  a  buff  amorphous  body,  ooutuiuiug  iodine,  the  nature  of  wliiob 
b  aBMrtaiii. 

rith  the  iodides  of  methylc  and  ethyle,  morphine  yields  am- 


e  iodide  of  metht/lomorphium,  C*^f\  ii    f   NO*,  1+2  aq.. 


iMor 
Knol 
PUa 


crystalline  (lOwer,  very  solubU>  in  hot  water,  which  deposits  it 

ling  in  rectangular  prisms.     With  oxide  of  silver,  the  salt 

iodide  of  silver  and  a  brown  amorphous  mass,  probably 
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hj-drated  oxide  of  inctliyloniorpliiuin.  It  j«,  however,  tifici  on  bj 
iodide  of  tnctbyle,  which  we  should  hardly  expect.  Perhap*  tomt 
of  the  hydrogeu  in  the  morphine  it  oontoins  is  nplaeed  lij 
methyle. 

The  iodide  of  eWyfouiorpAium,  Cm  n\t    >  S0«,  I    -^  M}.  n- 

sembles  the  preceding  compound.  With  oxide  of  8ilT«ir  it  riJdi 
iodide  of  silver,  and  a  brown  caustic  alkaline  sulutioo,  ptuliaU/ 
of  the  hydrated  oxide  of  eUiylomorpbium,  which  driM  u]t  faU»  t 
brown  amorphous  mass, 

b.  Codeine,  Cm  Hii  NOg  +  2  aq.— This  alkaloid  is  obtained  M 
nliove  described,  from  tlie  mother-liquor  of  the  prvcipitAtod  mw 
phine,  which,  being  evaporated,  deposits  a  mixed  hydruclilonto  •{ 
morphine  and  codeine.  This  salt  being  purified,  is  BCttKl 
potash,  which  dissolves  the  moq)hine,  while  the  codeine  j 
as  a  viscid  mass,  which  soon  becomes  bard  and  crvstallil 
ia  purified  by  solution  in  ether  or  in  water,  botli  of 
solvents  leave  the  morphine,  which  may  be  mixed  wldi 
undissolved.  The  ethereal  solution,  by  spontaneous  rvapontiai, 
deixwits  it,  especially  if  a  little  water  be  sidded,  in  fine  knhy^tooi 
prisms;  the  aqueous  solution  gives  large  ootobedral  crjMli, 
which  are  a  hydrate,  with  2  eqs.  of  water. 

Codeine  is  a  powerful  bai>e,  forming  neutral  salta  with  acids. 
Its  solutions  arc  bitter,  and  would  seem  to  have  aa  aaiApi 
action  on  the  system  ;  but  in  some  circumstances  tkej  fl'" 
to  excite  intolerable  itching  on  the  whole  skin.  It  xb  lliiiiafai 
possible,  thnt  the  itching  caused  in  some  persons  bjr  optui, 
and  by  the  commercial  muriate  of  morphine,  prooe«4s  fr* 
codeine. 

Codeine,  when  dissolved  in  excess  of  moderately  strong  »al- 
phurio  acid,   is   converted  into  amorphous  oodein-?,  w;(bial  ur 
change  in  eom[>ositiun.     If  the  aetiun  be  longer  ■ 
is  found  a  new  body,  aulpliucoileule,  ])ossibly    .j  ■■.,.. 

amide. 

AVith  diluted  nitric  acid,  codeine  yields  the  substitutioo  faaM, 

nttrocodeine.  Cm  -»  ^    \  XOa .     It    forms  shining  yellowish  ■ 

fawn-coluurvd  crt'stals,  and  gives  crystalline  salts  witb  mUi 
With  sulphurct  of  ammonium,  nltrooodcine  yields  a  new  hut, 
probobly  f«  II«j  Na  O4 .  With  bromine,  codeine  yields  tbe  bl* 
bromociidiwr.  Cm  H»  Br  NOb  ,  in  small  white  crystals  ;  ui 
another  comjiouiid,  Iribromncodeine,  Cm  Hi»  Br«  N  0»,  vkilk 
•eema  to  be  amorphous,  and  feebly  basic  With  chloriaa,  ogdaM 
forms  chlorurndnne,  Cm  Uw  CI  N0«,  best  obtalavd  \ij  Ik 
■lOtiuu  of  uhlorttlw  of  |>uta8h  on  a  solution  of  ood«iao  in  iOxIld 
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ilono  acid.     It  much  resembles  bromocodeine,  and  its  salts 

I  rewioble  tliose  of  that  base.     With  iodine,  codeine  forms  a 

Rsmarkable  compound,  which  is  not  a  substitution-product, 

;  rsMmbles  icHioquinine  in  compoFition,  and  contains  iodine  and 

It  oontains  1  eq.  codeine  and  3  eqs.  iodine,  and  its 

belong  to  the  doubly  oblique  system.     They  are  very 

luge,    exliibiting    two    colours,    and    have    lately    been    fully 

•caibed.      With    cyanogen,     codeine     yields    the    compound 

yanocttJeine,  in  shining  crystals.     Its  foruiila  is  C<o  Hii  Ns 

i  =  Cm  Hit  >'Ofi -f-  2  CiN.     It  belongs,  therefore,  to  the  some 

;  of  bodies  lu  cyonilino,  oyanotoluidine,  and  cyauocumidine, 

ia  not  a  substitution-product. 

Heated   with   bases,    codeine   yields  ammonia,  methylamine, 

apylamine,  and  a  volatile  crystalline  base,  not  yet  examined, 

It  prolmbly  one  of  the  bases  of  the  methylamine  series  higher 

the  scale.     When  codeine  ia  acted  on  b}'  strong  nitric  acid,  a 

tiaous-looking  acid  is  obtained,  which,  when    heated  with  a 

lutiou  of  potash,  yields  volatile  bases  in  abundance.     For  all 

above  details  concerning  the  products  derived  from  codeine, 

"we  are  indebted  to  Dr.   Anderson.     It  will  be   seen  thot  they 

Htabliah   a  great  resemblance    to,    and    connection    with,   the 

jiicial  bones,  more  particularly  in  the  action  of  cyanogen,  and 

i  the  (act  that  I'udeine,  like  the  oxygenised  artificial  bases,  yields 

blAtile  non-oxygenised  bases  when  decomposed  by  heat. 

[The  iodide  of  ethi/loeodium,  C»a  j>'jt    [  NOo,  1,  is  obtjuned  by 

'  action  of  iodide  ofelhyle  on  codeine,  aided  by  heat.  Itissolu- 
t,  and  crystallises  in  tiue  needles.     Acted  on  by  oxide  of  silver, 
•Ida  a  caustic  alkaline  solution,   which  attracts  carbonic  acid 
I  the  air.     This  is  probably  the  hydratcd  oxide  of  etliylo- 
and   like   the   oorresiKinding  base  of    morphine,  it  is 
Ut«d    on    by  iodide  of   ethyle,  Uie  ootioa  being    apparently 
splex. 
I  The  resemblance  of  codeine  to  morphine,  in  its  chemical  rcla- 
pns,  is  verj-  threat,  and  a  glance  at  the  furmulu;  here  given  for 
'bast's  will  explain  this;  for  these  formuliedill'er  only  by  Ci  IIi, 
•  ■ili-r  words,  oro  bomologoos.     It  appears,  however,  that 
•  not  converted  into  codeine  by  the  action  of  iodide  of 
,1,  uf  methylamine  is  into  dimcthTlaminc.     It  is  therefore 
able  that  the  liumology  exists  in  the  Kroup  or  groups  replacing 
I  3  eq.  of  hydro|{eu,  and  that  methyle  is  not,  directly  at  least, 
I  of  tbexA  itroufm,  in  codeine. 

c.  I'aiiaifiiiie,  C*iTI«iN()8.  This  is  a  new  crj'stollinc  base, 
KOovcrrd  by  Merck  in  opium.  It  is  little  known,  but  seems  tg 
I  related  to  Tliebaine,  (which  K-e). 
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Porphyrnxinf,  also  discovered  bj'  Mcrelt  in  opian,  baa  beA 
already  nji-iitioned  as  a  neutral  compound, 

d.  'J'Jitliaine.     This  base  also  occurs  in  opium.      It  i*  natAf 
insoluble  in  water,  soluble  in  alcohol  and  ether.     Its  soli 
are  alkaline,  and  have  on  ncrid  metallic  tast«.     It  forms 
Usable   suits   with   acids.     According    to    Kane,    it«    foi 
C«»  Hi*  NOs ,  but  Anderson  has  shown  it  to  be  C'w  II »i  NO* 

e.  Psendnmorj)hine,  C»7  His  KOu  ? — This  base  is  occaiioaalljr 
found  in  opium.  It  forms  sliining  scales,  it  is  sparingly  solnUs 
in  wator  and  weak  alcohol,  insoluble  in  absolute  aloohol  tod 
in  ether.  It  is  readily  dibsolvcd  by  caustic  potash  or  mmIr.  It  it 
coloured  blue  by  pcrchloride  of  iron.  It  forma  salts  with  aeidi, 
which  arc  a»  yi-t  little  known. 

/.  Xitrceine,  Cms  Hj»  ^0l8  (Anderson). — This,  which  is  •  fetUi 
base,  also  occurs  in  opium.     It  is  sparingly  soluble  in  wattr, 
soluble  in  alcohol,  insoluble  in  ether.     It  melts  at  lUT'.     It 
coloured  blue  by  hydroohloiic  acid,  but  not  by  ptrchlonde  of 
Acids  dissolve  it,  and  form  deftnite  salts  with  it,   and  it  aji 
probable  that  two,  perhaps  three,  substances,  have  be«u  di 
under  this  name. 

g,  Narcf.titte,  V-u  H«»  NOj«. — This  is  another  weak  base,  imcO^ 
in  opium  in  larger  proi)ortion  than  any  other,  exoept  morpUlM. 
It  may  be  obtaiiit^d  either  from  the  mother-liquor  of  mariata  <t 
morphia  by  adding  ammonia,  or  by  digesting  the  insoluble  put 
of  opium  in  diluted  acetic  acid,  and  precipitating  by  ommooia. 
The  impure  naiootinc  is  purified  by  solutitm  in  hot  alrohul,  witfc 
the  aid  of  animal  charcoal.  On  cooling,  oarootine  is  dtfu^itcl  (n 
crystals,  which  are  insoluble  in  water  and  alkalies. 

alcohol,  ether,  and  acids.     It«  salts  are  bitter,  and   .:_..: ^ 

with  great  difficulty. 

The  recent  researches  of  Liebig,  "VTohler,  and  Blyth,  and 
more  lately  those  of  Anderson,  have  made  known  a  sencstf 
products  of  deoumposition  derived  from  nnrootine,  when  Mtod 
on  by  peroxide  of  manganese  and  sulphuric  acid,  and  also  hj 
bichloride  of  platinum.  These  our  apaoo  will  only  permit  n* 
briefly  to  mention. 

1.  Opianicacul,  Can  n>o  Oi«  =  C«o  H.O.,  HO.  ThistaM 
etystallises  in  slender  prisms,  and  forms  soluble  and  orjntid- 
lisable  salts  with  baryta  and  the  oxides  of  lead  and  sihrr, 
and  with  oxide  of  ethyle.  When  melted,  upiauic  acid  y 
into  an  insoluble  state,  ita  composition  remaining  th« 
Anderson  has  obtained  the  ojtianate  of  oxide  of  ct/iyle,  or  0{ 
ether. 

2.  Opiammom,  C-ta  Hj»  KO  is.    Thi*  compound  is  deriv^d 
2  eq.  opianat«  of  ammonia  by  ttie  loss  of  \  eq.  ammonia  and  4 
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water.  It  is  a  pale  yellow  powder,  which,  by  boiling  with  water, 
ifl  oonrerted  into  opiaaic  acid  and  opianate  of  ammouia, 
^BB,  XiiHthopenic  Acid. — When  opiammon  is  acted  on  by  olkolieB, 
^^Mi\es  oif  ammoniA  and  yields  opianate  and  xanthopenate  of 
^Htkall.  An  acid  separates  the  xanthopenio  acid  aa  a  yellow 
^Buulent  precipitate.  It  forms  salts  of  a  fine  yellow  colour,  but 
^^B  not  been  fully  examined.  It  oontains  nitrogen. 
^HL  Ofiano-iuJphurout  Acid,  Cw  Hb  On  S«,  li  0,  is  formed  by 
tlie  BotioD  of  sulphurous  acid  on  opianio  acid,  and  is  produced  by 

i substitution  of  2  oc^s.  sulphurous  acid  for  2eq9.  water.  It  has 
tter  taste,  and  forms  cry«tallisublu  salts. 
.  Sulphopianic  Acid,  C»  Hu  j  ^'  | ,  H  0.  This  acid  is  formed 
iie  action  of  sulphuretted  hydrogen  on  opianio  acid,  and  is,  in 
,  opianic  acid,  in  which  2  eqa.  of  oxygen  are  replaced  by  2  etjs, 
khnr.  It  is  an  amorphous  yellow  powder,  which  crystallises 
froxn.  alt«hol.  Its  salts  are  soon  decomposed,  yielding  sulphurota 
ut  U>e  metids, 

6.  JTemijiinic  Acid,  C«i  Hs  Oio  ,  2  H  0.     It  is  a  bibosic  acid, 

and,  Booording  to  Anderson,  forms  an  acid  ether.   This  is  a  product 

of  oxidation  of  opianic  acid.     The  hemipinio  acid  oryatallises  in 

ragultr   fuur-kidud   prisnu.     It  forms   insoluble  salts   with  the 

0ZidM  of  lead  and  silver. 

mg.  Cotarnine,  Cm  Hu  N  0.     This  is  a  base  formed  along  with 

^Banic  acid.     1  eq.  narootine,  Cm  Hit  N  Uu  ,  and  2  hjs.  oxygen 

^BU  1  eq.  ootamiue,  Cu  Mu  ^'  On  4-  1  eq.  opiauyle,  C»  Hid  Os 

1^  «q».  water,  2  H  0. 

Cotarnine  forms  a  deep  yellow  radiated  mass,  soluble  iu 
olnihol  and  in  water.  It  is  bitter  and  ulkuliau,  and  forms 
erytallimhle  double  salts  with  the  bichlorides  of  mercury  and 
pUtiauin. 

8.  Ojiitin</le,  Ctn  Hin  On  (Anderson).  This  compound  is  formed 
■long  with  cotaniinc,  when  narootine  is  acted  on  by  nitria  acid  so 
••  to  be  gcuUy  oxidised.  It  forms  line  needles,  s<iliible  in  alcohol 
•ad  ether.  Wliou  its  solution  in  oU  of  vitriol  is  heated,  it  becomes 
deep  purple.     It  is  related  to  opianic  aoid  and  hemipinio  acid, 

OjiUoyle 0»  Hio  0» 

OpiAuia  Acid 0«u  Hio  Om 

lleu>i|jiiuc  Add  .        .         .         .         O*  Uio  Oit 

i>D  has  also  described  a  hydrate  of  opianylc,  Cw  Hu  Oi 
rHu.0.,H0. 
Korootine  may  be  regarded  as  formed  of  witaminc  plut  a  body 
I  Hii  Un,  which  would  bo  a  liyduret  of  opiiuiylc,  C»u  Uiu  U», 


424        r-RODUCTS   DERIVED   FROM   NABCOTIKE. 


H*.  Tliia  very  cosily  explains  the  action  of  oxidising  agmb  in 
producing  from  narootine,  opiiuiio  acid,  hcmipiuic  acid,  opiuijk, 
and  cotamine. 

9.  Teropiammon,  Cm  17  Ht*  Om  (Anderaon).  This  eompaiul 
is  formed  when  norcotine  is  oxidised  by  nitric  acid  of  modcntc 
strength.  It  is  derived  from  3  e<i8.  of  opianic  acid  and  1  of 
ammonia,  4  of  water  being  separated.  It  forms  small  white 
needles,  sparingly  soluble  in  any  solvent  Its  solution  in  oQ  «f 
vitriol  becomes  crimson  red  when  heated. 

10.  Htimopinic  Acid  is  a  dark  brown  humns-like  aoid  fotmii 
by  the  action  of  heat  on  narootine.  Its  oompositioa  is  not  eala- 
hlished  with  certainty,  but  resembles  that  of  other  «iTnil»f  bodies. 
It  contains  no  nitrogen. 

11.  Apophyllic  Atid,  Cis  N  Hr  Oa  (Anderson).  This  is  •  {bv- 
duot  of  decomposition  of  cutaroine.  It  forma  crystals  rerj  likt 
those  of  apophyllitc  and  equally  cleavable.  When  heated  it  yiaUs 
an  oily  liquid,  said  by  Wolder  to  be  quinoline,  but  according  ta 
Anderson,  isomeric  either  with  aniline,  or  with  anthmnilio  aod, 
as  it  cannot  be  quinoline. 

When  nitric  acid  acts  on  ootamine  so  as  to  form  cpa{ihyDi« 
acid,  several  other  substances  are  produced,  which  are  not  ytt 
fully  known.     Among  them,  however,  Anderson  has  found  vtby 
lomine  and  methylamine,  and  has  reason  to  think  that  othax 
of  the  same  series,  but  higher  in  the  scale,  also  oocur. 

12.  Karcogenine,  Cm  Hit  N  Oi»  ,  is  formed,  along  with  ajxaak 
acid,  when  narcotine  is  not  so  far  oxidised  as  to  yield  ootatniac. 
2  eqs.  narrotine  with  5  eqs.  oxygen  yield  2  eqs.  naroogeaiae,  1  o^ 
opianic  acid,  and  3  eqs.  water.  It  forms  a  orystalliaahla  donbb 
salt  with  bichloride  of  platinum,  but  when  separated,  it  is  njsriltisj 
into  narcotine  aud  cotarnine.  2  eqs.  naroogenine  with  3  tqt, 
oxygen  contain  the  elements  of  1  eq.  narootine,  1  eq.  ootwniat^ 
and  1  cq.  carl)ouic  aoid. 

13.  Nareotinic  Acid,  When  narootiaa  is  beotcid  witli  potash 
it  forms  a  soluble  compound  which  contains  an  acid,  ap|iarcstl]^ 
isomeric  'nnth  narootine,  or  differing  from  it  only  by  1  or  2  eqa, 
water.  When  this  aoid,  which  is  called  narootinio  *cid,  is 
separated  from  its  salts,  it  rapidly  passes  into  narcotinr,  w  Umt 
it  is  unknown  in  a  6ep.imt«  furra.  lis  atomic  weight  sec'ms  ta  bo 
half  that  of  narcotine,  so  that  1  eq.  narootine  probably  fcraa 
2  eqs.  of  the  aoid. 

Such  is  a  very  brief  and   imperfect  account  of   tho    nonTii 

of  the  recent  researches  of  WOhtcr,  lllyth,   and  Andtrrwm,  oa 

'  narootine.     Thoy  are  of  very  great  importance   as  iadioatii^  • 

nipthod  which  may  lead  to  the  dtsoovery  of  the  true  oanrtitntfaa 

of  Ibe  alkaloids. 


CHELIDONmS — ^HTOSCYAMINE. 

fieim  hiiB  recently  observed  the  oocurrenoe  in  opium  of 
.  aurcotines,  homologous  with   one  another,    us  follows : — 


MrthyloDutsotine   . 

EthflDoarcdtiue 

Pr^ipylotuirootme 


Cm  N  Ha  Ou 

C*ft  N   Hsft  Ola 

Cm  N  H»  Ok 


The  diSerence  at  each  step  is  Ci  Hi ,  and  as  wo  have  seen 
Itat  methylaniine,  ethylominv,  and  perhajis  propylamine,  may  be 
obtained  from  narcotine,  it  is  probable  thut  these  bases  are 
oonstitueuts  of  these  three  narcotines.  Etbylonnrcotine,  it  will  be 
•e«n,  is  the  substance  we  have  described  as  narcotine,  but  like  all 
contiguous  homologous  compounds,  these  narcotines  resemble 
ettdi  otlier  so  much  as  not  to  bo  easUy  diiiting:uishcd  or  separated 
^^tom  one  anotlier. 

^^m  h.  Chelidnnine,  Cm  Hw  X>  Oa .  This  alkaloid  occurs  in  CJieli- 
^^moHiiim  maju*,  along  with  chclerylhrine.  It  is  bitter,  insoluble  in 
^^bat«r,  and  alkaline,  forming  orystallisable  salts. 
^^  I.  CheUrythrint,  found  in  the  same  plant,  forms  a  giey  powder, 
which  excites  violent  sneering.  With  acids  it  forma  red  salts, 
liich  are  narcotic  and  poisonous. 

(ilaucinc.     This  alkaloid  oocun  in  the  leaves  and  stem  of 

ilauciam  luUum.     It  may  bo  obtained  in  pearly  scales  ;  its  taste 

I  bitter,  and  acrid,  and  it  forms  salts  with  acids.     Its  composition 

;  yet  nscfrtained. 

'  <7/<iMrn/ifrriHi;  is  found  in  the  root  of  the  same  plant.    It  is 

nnd   forms   salts    of  a  bittor  and  nauseous  taste.      Its 

titiou  is  unknown. 


if.  Alhiloidt  of  the  Solamaottt,  th»  SUfAnta,  Md  oiKer  VegeKMe 
Famdiet. 

a.  Jfuoii'i/ttmine. — This  base  is  found  in  Hyotcyamtu  niger  and 

1  oi  hyosoyamus.     Its  ooraponitiun  is  not  yet  known. 

It  .  tod  from  the  seeds  by  a  dilUcult  and  tedious  procecs, 

ad  mny  also  be  obtained,  although  nnth  much  loss,  by  dislillatioa 

ith  potash,   like  conicine.      It  is  very  prone  to  decomposition 

then  in  contact  with  mineral   alkalies.      It  crystallises,  when 

»,  in  nidiated  groups  of  needles,  but  sometimes  forms  a  visvid 

orphous  mass.     \V'hen  moikt  it  has  a  Btupofying  smell  like  that 

tobacco.     It  is  very  (Kiisonous,  causing,  like  coniiue,  tetanic 

smi.    It  dilates  the  pupil  powerfully.   It  is  fii«iblc  and  volatile, 

is  i^arlittlly  decomposed  when  diiitillcd.     It  dissolves  in  wat«r, 

ihul,  and  ether.    It  neutralises  the  acidn,  forming  cnr'stallisabla  , 

ta,  which  arc  very  iraisouous.     The  fact  that  it  is  volatile,  and' 
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has  a  smell  annlogons  to  that  of  nicotine,  suggest  the 
tltat  it  may  hv  a  true  volatile  base,  of  tlis  olaat  of  nieottae, 
Tepreseuting  ammonia,  but  high  in  the  scale,  and  ptobohljr  oos- 
tainlng  no  oxygen. 

b.  Datiirine.  This  base  is  obtained  from  the  seeds  of  Datun 
Stramoniiiin.  It  is,  in  prejiaratiou  and  properties,  very  onalogoiM 
to  hyosoyamine.  It  is,  however,  less  ariliibl«  in  water,  and  ciy*- 
tallises  in  fine  brilliant  prisms,  from  its  alcoholic  solution.  It  it 
fusible,  volatile,  and  very  poisonous,  diluting  tlie  pupil.  Its  nils 
are  crystullisablo  and  very  poisonous.  Its  precise  com|iotitioo  i* 
unkno>Mi,  but  it  is  now  said  to  be  identical  with  attvgim- 
Possibly  it  way  be  only  homologoiu  with  that  base. 

e.  SIramonine. — This  is  another  crr^taliine  oompoand  foosdia 
Stramonium.  It  is  orystollisable,  voiutilo,  soluble  in  aloofaol  and 
ether,  insoluble  in  water.  Its  nature  is  uncertain,  and  its  oo*- 
]iosition  unknown. 

d.  Atropiiir,  Ci>  Hia  N0«.  This  alkaloid  is  the  active  pniMi|b 
at  Alrojta  lielUidonna.  It  is  obtuintd  like  daturine,  and  be^ 
equally  prone  to  deoomjrasition,  much  is  always  lost.  It  is 
sparingly  soluble  in  water  and  etiier,  more  soluble  in  aleeti^ 
It  orystollises  in  white  silky  prisms,  and  sometime*  foniia  aa 
amoTjihous  mass  like  gloss.  It  is  very  bitter,  send,  and  pojsmmm, 
dilating  the  pupil  like  hyoscyamine  aad  daturino.  It  is  ftuiUa 
and  volatile,  and  ueutralises  aoids,  forming  salts  whioli  an  bitasri 
acrid,  and  poisonous,  and  which  crystallise.  Thes*  aalta,  fras 
their  very  {>owcriul  action  in  permaucutly  dilating  the  pvfil, 
are  very  well  adapted  for  medical  use,  Uiug  much  moiv  mufaa 
than  the  extract. 

e.  Solanine,  C<m  Hw  N  Os«  P  This  alkaloid  oooon  in  muef 
sjieoiea  of  SoUinum,  as  in  5,  nigrum,  S.  dulaamara,  and  in  the 
{HJtato,  S.  tuberosum.  In  the  latlur  it  is  found  in  large  quantity, 
especially  in  the  shoots,  when  the  tubers  have  germinated  In 

\  duic  cellars.  The  shoots  ore  extraot4.Hl  with  dilute  sulphuric 
ncid,  and  the  solution  precipitated  while  hot  by  ammonia.  The 
prccipitaU.'  is  pnritied  by  solution  in  alcohol.     It  forms  a  cryatal- 

',  line  })owder,  veni-  bitter  and  acrid,  and  highly  poisonotis,  hot  twt 
dilating  the  pupil.  Its  salts  do  not  crystallise  readily.  TtMV* 
is  some  reason  to  suspect  that  die  alkaloid  of  the  abooto  «f 
potatoes  may  be  distinct  &om  thut  of  the  bitter<sw«et, 
Julcamara. 

/.    Veratrine,  Cm  H»  If  0«P    This  alkaloid  is  found  in  Vi 
trum  Subudilla,  V.  albvm,  4c.    It  is  eztraoted  as  atropine  is, 
is  generally  obtained  as  a  crystalline  powder,  nearly  whit«, 
acrid  and  i>oi«unous,  exciting,  when  introduced  into  tii«  ooslffl, 
violent  and  even  dangerous  sneezing.     It  is  iosoJolil*  in  w*b<r, 
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Bolublo  in  alcohol,  and  may  be  obtiined  by  the  spoota- 
evsporntion  of  its  alcoliolio  solution,  in  prismatic  crystala 
lines  in  length.     It  ia  coloured  red  both  by  nitrio  and 
phuricacid. 

Vcratrine,  in  the  form  of  tincture,  and  still  more  in  that  of 
tment  (1  drachm,  or  J  drachm  to  1  oz.  of  lard),  is  now  maoh 
OS  on  external  application  in  neuralgia  and  obstinate  rbea- 
atio  pains.  Its  effects  iu  many  cases  are  highly  beneficial.  In 
making;  the  ointment,  the  veratrine  nhould  first  be  rubbed  with 
a  fev  drops  of  alcohol  to  an  impalpable  powder,  and  the  lard 
tben  added.  If  this  be  not  done,  the  gritty  porticlea  of  yeni- 
bioe  in  the  ointment  cause  so  much  irritation  when  rubbed  into 
e  skin  b&  to  prevent  its  use  for  any  length  of  time.  We  are 
.obted  chiefly  to  Dr.  TumbuU  for  our  knowledge  of  the  valuable 
ipettiee  of  this  alkaloid. 

y.  Sahaditline.  This  name  has  been  given  by  Couerbe  to  a 
MCond  orystalline  body  found  by  him  along  with  veratrine.  It 
is  alkaline,  soluble  in  hot  water,  insoluble  in  ether,  and  forms 
crystallisablc  salts  with  acids.  Couerbe  states  its  formula  to  be 
CteHuNOt;  but,  according  to  Simon,  it  is  a  compound  of 
vevatrine  with  resin,  containing  also  resinate  of  soda. 

h.   Colchicine,     This  alkaloid  is  similar  to  veratrine,  for  which 
it  was  formerly  taken.     It  is  found  in  Colchicum  nuUimiiaU,     It 
crystttllisable,  bitter,  and  very  {>oiaonous.     Nitrio  acid  colours 
blue  or  violet.     It  is  soluble  in  water,  alcohol  and  I'ther.     Its 
are  orystallisablo,  bitter,  acrid,  and  poisonous.     They  might 
ifaablj   be  used  in  medicine  advantageously,   instead  of  the 
uncertain  preparations  of  oolehioum  which  arc  at  present 
i}-ed.     In  a  very  small  dose,  oolohioine  causes  purging  and 
miUng.     Its  composition  is  unknown. 

Aconitine,  Cm  H*'  >'  Ou  ?  This  alkaloid,  the  exact  oompo- 
of  which  is  unknown,  is  found  in  Aeonitum  Nnjullus,  and, 
ly,  also  in  A .  ferox  and  other  species.  1 1  is  obtained  by  the 
1  method,  but,  being  very  prone  to  suiTer  change,  much  is  lost, 
iorms  a  crystalline  powder,  or  occasionally  a  vitrrous  amorphons 
It  is  in  the  highest  degree  bitter,  acrid,  and  |>oisouuu8,  and 
•iiS  by  Oeiger  to  dilate  the  pupil.  On  the  other  band,  tlie 
.nt  contracts  the  pupil  and  causes  numbness  of  the  purta  to 
'  it  is  applied;  and  Dr.  TumbuU  has  obtained  an  aconitine 
MiAlHng  these  pro]>erties  in  a  very  high  degree.  Either, 
■MMCmv,  there  are  tMO  hoses  In  the  aconite,  or,  as  is  much  more 
proAwble,  the  aconitine  of  Oeiger,  having  an  action  diirt-reut  from 
tiiat  of  the  plant,  is  a  product  of  deoompoaition,  while  that  of 
XombuU  is  unchan;;ed. 
Turabull'a  aconitine  is  an  invaluable  remedy  in  the  same  painful 
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diseases  in  which  veratrine  is  employed.  It  is,  nnfoi 
obtained  in  small  proportion,  and  as  yet  is  very  expensiTC.  A 
cheaper  and  more  productive  method  of  preparing  it  is  a  VBJ 
great  desideratttm. 

*.  Delphine,  C«  HisNOi?  This  alkaloid,  analogous  to  »«tm- 
trine,  is  found  in Slaresncre,  Delphininm  Stnphyiot/ria.  It  bts  ObIjt 
been  obtained  hitherto  as  a  yellowish-white  powder,  nut  crys- 
tallised, very  acrid,  and  poisonous.  It  forms  neutral  salts, 
hitherto  little  examined.  It  may  be  used  in  the  same  affilwtMat 
and  in  the  some  manner  as  veratrine. 

/.  Stajihisine.  This  ia  a  substance  found  along  with  delphise, 
and  said  to  be  d*  Bu  NO*.  It  is  acrid  and  poisonous,  but  u 
probably  only  a  compound  of  delphine. 

til.  Emeline,  Cs;  B»  N  Oio  P  This  is  the  active  prineipl*  of 
ipecacuanha,  the  root  of  CepJiaelit  Ipecacuanha.  '\\'hcn  pure,  it 
is  a  white  powder,  alkaline,  soluble  in  alcohol  and  in  hot 
water,  insoluble  in  ether.  ^  of  a  gprain  acts  as  on  emetic.  Ia 
a  dose  of  from  2  to  4  grains  it  is  poisonous.  Its  salt*  do  Mt 
crystallise. 

n.  Chiococcine,  and  o.  Violine  are  two  very  similar  alkaloids, 
found  in  Chincocca  ramoaa  and  Viola  odoratji.  They  are  suppo«d 
by  some  to  be  emetine  disguised  by  a  little  foreign  matter. 

p.  Stri/chnine,  Ch  Ilti  Xi  Ot .  This  alkaloid  is  found  in  nox 
Toruioa,  the  seeds  of  Stri/clmos  mix  vomica,  in  St.  Ignatias'i 
beau,  the  seed  of  <S.  lyiiatii,  in  the  wood  of  S.  eohtbrina,  and  is 
the  poison  called  Upat  TiettU,  derived  from  S.  Tieuti.  It  it 
extracted  by  decoction  with  dilate  sulphuric  acid,  precipitattsj 
the  deooction  with  milk  of  lime,  and  acting  on  the  p^«^cipitat• 
after  washing  it  with  cold  alcohol,  by  boiling  alcohol,  wltioh  oi 
cooling  dciiosits  the  Etryehnlno  in  very  regular  tranipannl 
brilliant  crystals.  If  bruoine  is  present,  it  rvmaini  oUefljr  in 
the  mother  liquid,  but  the  two  bases  may  be  8eparat«d  by 
converting  both  into  nitrates,  and  crystallising ;  the  nitrate  of 
strychuino  crystallises  readily,  while  the  nitrate  of  bn 
remains  dissolved. 

Strychnine  is  very  insoluble,  rc<iuiriog  7000  part*  of 
It  is  so  bitter,  that  1  port  gives  a  very  strong  and  penislegi 
bitter  taste  to  '10,0(H)  ports  of  water.  It  disi>olvcs  in  hut  oloobal, 
although  sparingly  if  the  alcohol  be  pure,  and  is  insoluble  ia 
ether.  When  pure  it  is  only  coloured  yellow  by  nitrio  acid  ;  a 
trace  of  bruoine  causes  it  to  be  reddened  by  that  acid.  It  forms 
crystallisable  salta,  which  are  intensely  bitter.  Their  solution* 
are  precipitated  whitn  by  alkalies,  by  tineturc  of  gnUs,  and  by 
iodide  of  pi^tnssium,  in  white  crystals  by  sulphucj'anidtf  of 
potaMium,   and    as    yellow  powder*  by  ■ulutions  of  ({old  and 


\ 


BRUCINE — JEEVINE. 


U9 
tlie 


platinum.      When    heated   with    bases,    strychnine    yiL'Ids 
olntile  base  (juinoline  already  described. 

Slrychniue  and  its  salts,  especially  the  latter,  from  their 
solubility,  are  must  euergetio  poisons.  They  produce  spasmodic 
motions,  and  ore  used  in  very  small  doses  as  remedies  in 
paralysis  -,  tliey  seem  to  have  a  spcoilio  action  on  the  lower  port 
of  the  spinal  column.  The  average  dose  is  j^  of  a  grain.  In  the 
event  of  an  overdose,  the  best  antidote  is  infusion  of  galls  or 
strong  tea,  which  also  contains  tannine. 

With  chlorine  aud  bromine,  strychnine  yields  the  substitution 
luets,  chlorostrychnine,  a  base ;  trichlorostryohnine,  a  neutral 
iibstanoe  ;  and  bromostrychnine,  a  base.  With  iodine  it  forms, 
ike  quinine  or  codeine,  a  ;>eculiar  compound  in  which  4  eqs.  of 
fohnine  soem  to  be  united  to  6  of  iodine.  It  forms  orange- 
olourcd  sooJy  crystals,  which  ore  decomposed  by  acids,  strychnine 
eing  reproduced. 

q.  Jirucine,  (Ua  H><i  Xi  Ob  .  This  alkaloid  occurs  along  with 
rchnine  in  dux  vomica,  and  nlsu  in  the  false  angustura  bark, 
Jie  burk.  of  Bracia  antidysentcrka.  It  is  prepared  as  strychnine, 
osidii"'  the  methods  above  mentioned  for  separating  the  two 
llMues,  there  is  another,  which  is,  to  l*oil  the  mixture  with  water 
I  long  as  it  dissolves  brucine,  or  till  tbe  strychnine  is  no  longer 
Idencd  by  nilrio  acid.  Druciue  forms  large  transparent  crj-s- 
ah>,  which  I  have  found  to  become  opaque  in  closely  stopped 
phials.  It  is  very  bitter  and  poisonous,  but  much  less  so  than 
ychnine.  It  may  be  used  for  the  same  purposes  in  a  rather 
srgcr  dose.  It  is  reddened  strongly  by  nitric  acid,  and  the  red 
ulution  becomes  violet  on  the  addition  of  solution  of  tin.  It  ia 
liUB  distinguished  from  strj'chniue  and  morphine.  Its  salts,  for 
itie  most  part,  cr)-staUise  with  facility. 
Witli  bromine,  brucine  forms  a  substitution  base,  bromobnicino, 
Tith  iodine  it  appears  to  yield  two  compounds,  one  of  which 
ontains  4  <■([••.  of  brucine  and  6  eqs,  of  iodine,  the  other  '2  cqs. 
pf  brucine*  nud  Ti  eqx.  of  iodine*. 
Nitric  acid  decomposes  it,  producing  a  new  oompoand,  eaeothe- 

HM,  do  2  V  o    I  ^*  ^"' '  '^o"S  ^i^  nitrite  or  hyponitrita  of 
pzide  of  methyle,  oxnlio  aci<l,  water  and  dcutoxidc  of  nitrogen. 
Iio  production  of  oxido  of  nictliyle  in  this  action,  would  seem  to 

Iw  It  probable  tliut  mctliylo  i-xist.s,  a«  suoh,  iu  brucine. 

r.  /»m'n<',  CVi  Il«  N»  On.      This  alkaloid  is   found  in  white 

I'eratrum  album,  along  with  veratrine,  from  which  it 

easily,   as   it  cryi>talli»es   llrnt  from   the   alcoholic 

olution  ;  and  its  sulphate  is  fur  \i»i  Koluble  than  that  of  vera - 

II  forms  a  uryslallLuo  [lowdoi.  fubiUe,  insoluble  iu  water, 
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tolable  iu  aloohol,  and  forniinK  with  snlphuhc,  nitric,  and  bjrte> 
ohlurio  aoirU,  very  spariagly  soluble  mIU,  so  that  the  tolntion  of 
the  acc'tat<!  is  precipitated  by  these  thre«  acids. 

«.  Curarine.  This  alkaloid  is  obtAined  f^'>m  the  Sovik 
American  poison  called  curari,  which  is  derived  from  Ma* 
plant  of  the  family  Slrychneaj.  It  is  a  deadly  poi>on  when  inti«- 
duced  into  a  wound,  hut  may  be  swallowed  with  impunity.  The 
ourariue  forms  a  yellowish  amor]>lu>us  bitter  moiis,  which  is  nMn 
poisonous  tlian  the  ourori  which  yielda  it.  Ita  salta  aiw  bilte, 
but  do  not  crystallise. 

(.  Corydalinf,  Cat  II»  N  0>o  ?  Found  in  the  root  of  CbifilaKi 
biilboM  and  C.  /abacen.  It  forms  a  light  jrn'j-  {towder,  wkj 
soluble  in  alooliul,  which  deposits  it  in  crystals.  It  is  niiMianil 
by  nitric  acid,  and  foima  orystallisable  saitt  with  aoctio  aoi 
■nlphurio  uoids. 

u.  Ctirajiiiie.  Found  in  Carapu$  GuianenaU,  It  is  ■  wlute 
pearly  fusililc  {Miwder,  very  bitter,  soluble  in  water  and  sImU, 
insoluble  in  ether,  forming  orystallisable  salts  with  hjdtixUadt 
and  acetic  acids. 

r.  C<M;Hif-tM«.  Found  in  the  true  ani^ttttura  bark,  that  of 
Jinnplaiiilin  trifnliatti  or  C'luparia  fehri/uya.  It  f»nna  fiuthl< 
octohedrol  crystals,  sparingly  soluble  in  water,  very  aolubhi  i> 
aloohol. 

fr.  Daphnine  ooours  in  the  bark  of  Daphne  giMitam  aol 
D.  niezereon.  It  is  obtained  by  distilling  the  infusion  with  aag» 
nesia.  It  is  alkaline  and  acrid,  and  forms  crystalliaahl*  «lli 
with  nitric  and  sulphuric  acids,  according  to  Vanquelia*.  Bmt 
and  Omelin  could  not  obtain  it. 

X,  Scbeerme  is  the  active  principle  of  the  bark  of  the  ftiilUsra 
tree  of  Uuiana,  which  seems  to  be  analogous  to  quinine.  It  hai 
not  been  obtained  orystalliied,  but  Von  Planta  has  obtained  it 
M  a  mow-white  powder,  strongly  ba»io,  the  siilts  of  which  do  not 
orystollise.  Bebeerine  and  its  salts  are  bitter  and  highly  fcbrtfuga. 
Von  I'lanta  has  shown  that  its  formula  is  Cw  Hn  N  0»,  aiul  (hat 
it  is  not,  as  was  supposed,  isomeric  with  morphine. 

«/.  Sanguinarine  is  found  in  Sanguinnria  Canmlrnris.  It  forms 
a  grey  powder,  which  is  alkaline  and  yields  red  aalta.  It  exeital 
■neezing,  and  is  possibly  identical  with  ohelerythrinc. 

c  Azadirine,  found  in  Malta  azadirachta,  is  alkaline,  form  • 
oryttalliaable  salt  with  sulphuric  acid,  and  is  powerfully  fcbrifn^ 

«».  Oopticine  is  the  active  principle  of  the  oap^ules  of  Capticum 
•iHMnun  or  oayenne  pepjier.  It  has  a  reaiuoua  aepect  and  a 
biuning  taste,  bat  when  quite  pure  may  be  orTStalUiwd.  II 
forms  crystallisable  salts  with  acetic,  nitric,  and  solphurio  adda. 
It  ia  folublu  iu  aloohol,  insoluble  (when  pure)  in  uthar  and  ia  wa««r. 
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bb.  Crotonine  ooenn  in  the  weds  of  Croton  liglium,  and  nAy 
be  obtointd  from  croton  oil  by  boiling  it  with  wat«r  and  nugnesift. 
It  fonuB  orystnls,  whioh  are  fusible,  aoluble  in  alouhol,  insolublB 
wkter.  It  fonns  orystolliaiible  salta  with  salfihurio  and  phot- 
boric  acids. 

Buxine  ocoors  in  boxwood  bark.    It  forma  a  bitter,  brown, 
phtiiis  moss,   soluble  La  alcohol,   alkaline,  and  forming  a 
line  iul[ihate.     It  excite*  sneezing. 

Apyrint.     Found  in  Coeus  lapidea.     It  is  a  white  alkaline 
owder,  forming  crystalline  salts  with  acids. 

ee.  Cynnpine.  From  ^&hu»a  rynapium.  It  is  crygtollisable, 
»luble  in  water  and  alcohol,  and  forms  a  crrstalline  salpbate. 
"  CUsampelinc,  or  Peluaint,  C«  Uii  JiO« ,  from  Cissampelos 
ra,  i»  a  white  powder,  soluble  in  alcohol  and  ether ;  alkaline, 
ng  solnble  salts,  of  which  the  hydroohlorate  crystallisea. 
aula,  as  given  by  Baedeker,  is  the  same  as  that  of  codeine, 
ably,  however,  isomerio,  not  idt-nfieol,  with  that  base. 
L  hydrate  with  3  eqs.  of  water.  When  ex]ioiwd  to  light 
air,  the  hydrate  is  changed  into  a  yellow  baiw,  peUulein*, 
H.i  NOt  . 
gg.  Oxiinranthine  and  Berherini'.  are  two  bitter  snbstaneea 
Blind  in  the  barberry,  Btrheria  vubjarit.  The  former  is  d«>cidedly 
Ikoline,  and  forms  crj-stollisable  salts.  The  latter  is  bitt«r, 
ellow,  and  feebly,  if  at  all  alkaline.  It  crystallises,  and  is  naed 
,  dyeing.     Its  formula  is  C-tt.  Hie  NOio. 

kh,    Surinamine  and  Jamaicine  are  two  alkaloids,  found  in 
Hiffrira  Siirinamenfit  and  G.  inenni*.     Both  are  crystallisable, 
nd  form  orystolli&able  salt^  ;  those  of  the  latter  are  precipitated 
tanninf  and  corrosive  sublimate. 

I'ijK-rine,  Cw   IIm  Xi  On.      This  compound  is  found  in 

.  Piper  nigrum  and  J',  hngum.     It  is  very  crystallisable, 

in  alcohol,  very  pungent.     It  is  a  feeble  base,  but  docs 

salts,  especially  double  ohloridos,  oontoLuing  hydrochlorate 

rpiprrine. 

I'i|ieridinc,  Cio  Iln  N.     When  pi|)erine  is  heated  with  potash- 

,  or  acted  on  by  nitric  acid,  it  yields  an  oily  volatile  base, 

is  pipvridine.      It  is  an  imide  base,  2  of  the   3   cq.  of 

en  in  ammonia  being  replaced  by  C  w  IIio,  thus,  ^  p    it     !  • 

;  is  probable  that  the  group  Cio  IIio  is  itaelf  made  up  of  two 
apa,  each  replacing  I  eq.  of  hydrogen.     Pipi^idino  in  a  strong 
,  analogous  to  ommouia.    Its  stilts  crystallisu  pirfi<etl)'.    With 
I  ariid  it  yields  a  uunipuuud  humulugous  with  urtu,  in  wliiuh 
l^eq.  of  bydrogon  is  replaced  by  the  group  Cio  IIu,  or,  a«  it  may 
rylc.    lliis  coupouad  i^i  called  piperylurea.     Willi 
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the  cyanate  of  methyle  and  ethyle,  piperidine  yields  twa  oHm 
xuceaa,  tQethylopiperyluroa  nnd  eth;lopipetylurea.  All  thsM  ttm* 
crystallise  bcaatifully.  With  the  iodides  of  methyle,  ethrlw,  kad 
aiayle,  piiiuridijie  yields  nitryle  bases,  which  are  methylopif«i> 

dine.  N  ^°  H"  I  ;  ethylopiporidine,  N  ^''  jj^"  |  ;  and  waylop- 

peridine,  ^^,'"11'"  >  .  These  all  resemble  piperidine  more  or  las. 

The  two  tirst  of  these  three  new  bases  acted  on  by  iodide  of 
mcthylu  and  iodide  of  ethyle,  give  rise  to  two  anunoniiun  bases ; 

Cto  Hu^   \ 
bydrated  oxide  of  dimethylopiperidium,  N  C>  Hs     f  O,  BO  ;  and 

Ci  Hs    ) 
Cio  n>o   \ 
hydrated  oxide  of  diethylopipeiidiom,  N  C*  B>     |  O,  HO.   "Dum 

bases  resemble  the  ammonium  bases  alrvody  d«»crjbed.  Hm 
iodide  of  dimethylopiperidium  forms  brilliant  crj-fttala ;  th»t  of  liM 
ethyle  oompoond^hos  not  been  obtained  crystallised. 

Piperidine  ol&o  forms  other  oompounds,  sacit  aa  piiierylosolpW 
carbamio  acid,  which  is  obtained  united  to  pi[ieridiue  in  the  fiiriB 

of  very  fine  otystala,  C«  H«  N.S.  =  ^j^^'n^'[^,'"  ^\l  jj^  I . 

Cahours  has  also  obtained  piperylbenzamidc  and  pijierjleilB- 
inaniide,  tho  former  of  which  is  amide,  in  which  1  eq.  of  liydi«||«a 

r*      \i     f\    \ 
is  rcx>laced  by  bcnzoyle,  the  other  by  piporyle,  N  ,-."  Jj'         i~ 

CmHisNOi.     The  latter  ia  analogous  in  composition,  eunyb 

being  substituted  for  benzoylc,  N^|[^^j  =  CioIlBaOi. 

Both  form  fine  crystals. 

kk.  MeHitjienniiie  and  Paramanuftennine  are  found  in  Cbeeahs 
itnlicut,  the  seed  of  Afmitjtcrmum  eoccului.     MeuispvrraUM  isj 
white,    fusible,    crystallisable,    and   forms    soltj,    of    which   tit*] 
sulphate  crystallises.     Its  formula  is  Cia  n»«  NOi. 

Paramenis{)ermiae  has  the  same  composition.     It  is  less  fusihle,  \ 
but  sublimes  at  a  high  temperature.     It  doos  not  appear  t«  I 
doiinit«  salts.    Uoth  are  insoluble  in  water,  and  soluble  in  oloobolt  j 
anil  poramenispermine  u  insoluble  in  ether. 

U.  Uarmaline,  Cu  Ui<  Ni  Ot,  and  Ilarmine,  Cm  Iltt  Xa  0».— ! 
These  alkaloids  occur  united  n-ith  ]>hoftphorio  acid  in  the  1 
of  Peyamim  Harmala.     The  ftrit  forms  brow  .  '  '        "   w  ptlMi*, 
bitter,  astrinijent,  and  acrid,  v«iry  soluble  in  i\  •!•  soltiUa 

in  water  or  ctJtor.  It  is  fusible,  and  partly  voLiUlc.  It  Unm, 
with  acids,   yellow  oryatalliaable   »all«.      i>y   oxidising 
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rmaline  ia  tnin&fonned  into  a  red  matter,  which  forms  red  salts 

th  acids,     Tbu  harmala  red  of  oonimeroe  is  the  powder  of  the 

already  tnuisfurmed  into  the  phosphate  of  the  red  hormoline, 

i*  used  in  dyeing,  especially  in  giviug  to  silk  every  shade  of 

roae-oolour,  and  pink.     It  is  produced  abundantly  in  the 

ippoe  o(  aouthern  Russia,  and  ia  little  kuown  out  of  thutcouatry. 

ttaolM  (tates  thut  by  oxidation  burmaliuu  yields  two  new  bases, 

tkarmiiit  and  chrysohannine,  the  compositiun  of  which  is  not 

Besides  tlicsu,  harmaliue  yields  a  variety  of  substitu- 

in-produclx,  such  us  nitrohuruialine,  nitroliariiiitte,  &o.     With 

[■  «!■  of  hydrocyauio  acid,  it  forms  a  new  base,  cyanharmaliiie. 

Hi.  XJOi. 

mm.  C'ii/7rm«,  Cm  Hio  N«  O4  4*  2  eq.  8rK.   Th4ine.  Guaranine. 

Ilia  remarkable  compound  is  found  in  coffee,  in  tra,  in  Ouarana 

■■inalit,  or  I'liulliniu  turbilU,  and  iu  Ilex  Paraguayrntis.     It  ia 

t  ubluiued  by  adding  to  a  decoction  of  tea  a  slij^ht  excess  of 

of  lead,  nad  eva|K)rating  to  dryness  the  tillered  liquid. 

dry  mass   mixed  with  sand,  is    heuled   in   the   apparatus 

for  benzoic  acid,  when  catfeinu  is  obtained  in  crystals. 

yiclil»  uiori-'  tlian  1  jier  ocut. 

CafTeine  forms  tine  white  prisms,  of  a  silky  lustre,  which  are 

uble  in  water,   alcohol,  and  ether,  bitter,  fusible,  and  volatile. 

It  is  a  feeble  base,  but  forms,  with  hydrochloric  acid  and  sul- 

urio  acid,  suit*  which  yield  very  large  crystals. 

The  moat  iuti-resting  circumstance  in  relation  to  caffeine  is, 

that  while,  iu  some   form,  such  as  coffee,  tea,  Paraguay  tea,  or 

Goatuna  tea,  plants  containing  it  are  used  by  nearly  all  nations 

a*  a  neocMory  ul  life,  ami  never  relinquished  when  they  can  by 

any  means  be  obtained  :  and  while  the  uuly  other  substance  much 

UBed  for  the  wime  purpose,  namely,  cocoa  or  chocolate,  contains  a 

liody  closely  allied  to,  and  indeed  homologous  with,  caffeine,  there 

ia  a  verj-  remarkable  analogy  and  oouncetiou  between  tiio  com|>o- 

ol  eaffeiue  and  its  derivatives,  and  certain  products  of  the 

imal  functions,  those,  namely,  connected  with  uric  acid.     This 

the  proper  place  to  enter  on  tlie  formation  and  destruction  of 

acid  in  llie  body,  wliich  will  be  done  herealU'r,  but  we  shall 

mentiou  briefly  the  results  of  Itoclileder's  investigation  of  the 

.liven  of  caffeine,  and  show  their  analogy  with  those  of  uric 

Mid.   Caffeine  when  acUrdon  by  chlorine,  yields  a  weak  acid,  which 
membles  alloxautinc,  and  it  is,  in  fact,  homologous  with  alloxan  tine. 
i-  aiiialie  aei'ii,  Cn  Ni  H?  0«  ,  differing  from  anhydrous  allox- 
,  C  N»  lis  On,  by  2  (Ct  Hi).    When  this,  theolloxantineof 
'  heries,  is  oxidised,  it  yields  chulvatrophune,  a  compound 

j,.j  u'     ..    '*  wiUi  parabauic  acid,  the  product  of  the  oxidation  of 
xantinc  ;  and  lastly,  when  amolio  acid  acta  on  aoimouia,  there 
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is  formed  caffenmurcride,  a  compound  having  tiio  fAme 
external  characUTs  as  murexide,  with  whioh  it  ia  bo 
Thus  we  have : — 

Allnx&ntine  Ci  Xt  H>  Oi  AtnMic  Arid  C.i  N>  Hi  Oi 
Farabnuic  Acid  Ca  Ni  Hi  0«  Cbiil'SlrojiKnop  do  Ni  EU  Oi« 
Mnrexide  Cm  Nio  H    do    GaBoomorexide  CmNwIImO^i 


The  difference  between  the  two  niurexides  is  not  2  (Ci  il«] 
Ct  H<,  aa  in  the  other  two  oases,  but  Cii  Hi«  or  3  (C<  H* 
because  in  murexide  three  atoms  of  alloxautine  are  grouped  Vt 
yield  one  of  murexide,  Cm,  and  by  analogy,  3  ati^ms  of  asniia 
acid  must  be  grouped  to  yield  one  of  the  new  murexide.  Cm.  Tlit 
analogy  between  tbe  two  series  cannot  be  overlooked,  and  will,  v> 
doubt,  be  fouud  to  extend  to  many  other  |H>iuts,  We  may  tbo 
regard  amalic  ncid  as  dimethylalloxantiac,  and  ohule&trophsM  u 
ilimcthyluparabouie  acid,  2  eq.  of  melhyle  in  both,  n'(ila£ing  2  «4. 
of  hydrogen, 

CttfleiiK^,  when  acted  OD  by  chlorine,  yi«lds,   in  additioo  to 
amalic  aeid,  chloride  of  cyanogen  and  hydrochlorate   of  iu«liiyl*, 
amine  ;  and  we  may  suppose  caifeine  to  be  eomi»sod  of  0»  5 
C«  Ht  N  +  Cif  Ni  IT.  0«.     It  is  the  latUr  group,  with  2  n|«. 
water  and  2  of  oxygen,  which  forms  amalio  acid.     It  i«  anjilagcM 
to  the  group  uryle,  which,  with  oxygen  and  >■  ■iM- 

tine.     Urj'le  is  C«  Ni  0< ,  but  to  be  homulo^  ubwt 

group  in  caffeine,  it  ought  to  be  Ct,  Ni  II  U«,  and  as  nttUMrrgrmp 
is  known  in  the  separate  form,  it  is  quite  pu&siblo  th:it  the  trw 
urjle,  or  radical  uf  uUoxantine,  is  Cs  N»  11  0«,  v*  i  1«< 

water  and  2  of  oxygen,  wUl  form  alloxontiue,  inst'  i '"^ 

1  of  oxygen  and  3  of  water,  as  the  formula  Ci  X.  O,  does.     t$bM 
caffeine  yields    cyanogen   and  methylomino    to    chloriiui,   it 
probable  that  l>oth  are  ready  formed  in  it. 

When  chulcstrophono,  CioK>H<i  0«,  is  boiled  with  potatk, 
yields  ethylamine,  C«  Ht  N,  wator  being  decompoMtL 
with  this,  it  yields  oxalic  and  carbonic  acids  and 
while  parabanic  acid,  heated  with  potash,  yields  only  tM- 
inonio,  oxalic  acid  and  carbonic,  bat  2  eqs.  of  ammonia.  Hm 
intermediate  homulogous  compound,  ('■  .Nj  ili  0* ,  if  ohtained, 
would  yield  niethylomiue,  oxalic  and  oarbooio  acid^  »uk 
ammonia, 

fin.  Thiohromine,  Ci.  II«  N.  0»  ?  This  substance,  which  11  ■ 
WMk  base,  homologous  with  caffeine,  is  found  in  thv  mji  W 
7%«o6ro>rui  racdo,  or  diocolatp.     Its  eon  ;  i--  still  olaoam. 

Bat  Boohledcr  has  obtaini<d  from  it,  )  u,  a  oootponal 

Cm  Ni  H>  Oi>  ,  and  a  salt  of  aniuonia,  N  lU  0,  Cu  Ks  B*  0». 
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aohjdroas  acid  of  this  salt,  Cii  Ni  Ha  Oio  i  is  liomologotu 
,  alloxan  and  inuainio  auid.     We  have ; — 


AUoxao 

.     C   N.  H.  0, 

Inosinie  Acid    . 

.     Co  N,  Ho  0. 

Acid  irom  Tbeobromiiie 

.      Cii  N.  H>  Oi 

It  will  be  seen  that  this  last  acid  has  the  same  relation  to 
alloxan  that  amalic  acid  has  to  alloxantiue,  and  that  both  coilcine 
and  thMibromine,  when  oxidised,  vield  products  analogous  to 
mbstonees  formed  by  the  oxidation  of  uric  acid. 

c.  Allaloidt  found  in  tie  Animal  Organitm. 

wo  such  bases  are  yet  known,  namely :  ureu,  already 

as  occurring  in   the    urine  :    and    kreatinitie,   which 

detected  both  in  the  juiue  of  flush  and  in  urine,  and 

bien  described  aa  an  arliticial  base,  it  having  been  iirst 

:  as  a  product  of  the  action  of  acids  on  kreatine. 

Ilowing  substances  have  been   noticed  as  alkaloids,  but 

tra  TBfT  little  known  :   Cnstine  in   Vittr  iif/nin  custia  ;   CiciUine 

in  deiUa  riroaa :     C/icerujjhi/lline  in    C/ianifjIii/llum  biilbotum  ; 

Stenbeckine  in   Etfitbcckia  fcbrifugn  ;    Diijilalinc  in    Digitalis 

urpurra  :  Eupatorine  in  Eiipaturium  cannabinum ;  Euph.irbine 

EHphnrbium  ;    Convolriilino   in    ConrulruliM    ncammimiiim  ; 

ftreirine  in  Prrfira  hark  :  Lolmline  in  Lobelia  injlatii  :  Cara/iine 

Carapa  bark :  Eagin*  in  tite  beech  nut  or  most ;  Fumarint  in 

Kinaria  oficinali*  ;   Hederine  in  ivy  seeds  ;  and  others. 

'  now  come  to  a  cla^s  of  compounds,  very  Ttidely  distrihated 
die  vegetable  kingdom,  but  not  exhibiting  the  same  varieties 
Uu>  class  hitherto  described,  and  not  characterised  in  the 
'  marked  properties.  This  is  a  class  of  neutral  or  indifferent 
ceil-eco(i»e<l  bodies,  which  are  never  poisonous,  hardly  even 
poate«M<d  ofmedioinni  properties,  and  exhibit  no  striking  chemical 
^liajmcteTi.  It  includes  sugar,  starch,  gum,  or  mucilage,  pectine 
vegetable  jelly,  and  woody  fibre  or  lignine,  with  their 
rivat4ves.     We  can  only  describe  them  brielly. 


tSBHTEEKST    SO.V-AZOTJSED   COKTOCSDS. 

1.  Su'iar. 

,  There  are  various  UTibataneea  to   which  this  name  ia  given, 
I  are,  cane  sugar,  glucoM,  (grape  sugar,  starch  sugar,  diabelio 
r,   or  sugar  of  honey,)  sugar   of  milk,  and  ojnorphuus  or 
BcfrystalUsable  sugar.      Besides    these,  there  arc  one  or  two 
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tuhstanoea  resembling  BUf^r.  auch  as  mannits  or  musluDom  iti^ar, 
and  inosite  or  su^r  of  mtuolc. 

1.  Cane  Suffar,  Cit  Hu  On  =  Ci.  H»0»+  2  11  O,  oooors  in  ([Teat 
iibiuidanue  in  the  sufrar-oane,  the  beet-root,  the  maple,  beaidas  muy 
other  vef^etables.  It  is  extracted  from  the  jiiiue  of  tlieae  pUoti 
by  orvstallisatiun,  the  evaiKiration  beinc^  oouduclod  at  aa  lov  aH 
temperature  as  possible.  It  orystallises  with  great  £aotlitr,fl 
either  in  smaU  grains  by  rapid  cooling  of  a  Ktrong  syrup,  u  in 
loiif  sugar  ;  or  in  large  distinct  crystals  by  a  slow  prooesn,  at  ia 
sugar-candy.  The  above  formula  represents  th«  oompooitian  of 
pure  crystallised  sugar. 

Sugar  forms  large  transparent  hard  crystals,  which  melt  iti 
302",  or,  according  to  Peligot,  at  356",  formin?  a  viscid  liquid,  J 
which  on  cooling  forms  a  transpnreDt  amorphous  moss,  barUfi 
tnffar.  This,  when  kept,  grail  ually  becomes  crysfcilline,  opaqoc,! 
and  friable.  At>out  420°  sugar  is  oonverted  into  a  brown  titmtmli^ 
mass,  caramel,  losing  3  eqs.  of  water. 

Sugar  dissolves  in  ^  of  its  weight  of  cold,  and  in  any  quatttitr 
in  boiling  water;  a  solution  saturated  at  230°  beoomea  a  sttid 
crystalline  moss  on  cooling  (tablet] :  a  solution  saturated  to  tlu  j 
cold  is  viscid,   and  is  called  syrup.      Syrnp,  when  long  boiltd,] 
loses  the  property  of  crystallising.     The  crystallisation   of  sue 
from  syrup   is   also   prevented    by  the   addition    of  ^  of  < 
citric,  or  malic  acids.     Wheu  boiled  with  diluted  sulphur 
cane  sugar  is  converted  into  grape  sugar.     With  strong  i 
acid  it  produces  a  dark  brown  liquid,   containing  a   new  i 
sulphosaccharic  acid.     Nitric  acid  converts  it  into  saoohatio  tmLr 
oxalic  acid,  and  carbonic  aoid. 

Wlien  boiled  with  very  diluted  sulphuric  acid,  sugar  alMKb 
oxygen  from  the  air,  and  produces  formic  ucid,  and  a  hrowM 
matter  identical  with   ulminc,   formed   by  the   il.  "ooi. 

Suior  prevents  the  precipitation   of  many  metoll.  .»  hf 

alkalies  ;  and  when  mixed  with  oxide  of  copper  and  |— ^-^jH.  tb 
oxide  of  copper  is  dissolved,  forming  a  purple  Bolutioo,  vitkk, 
on  boiling,  deposits  a  red  snbii.viiie  of  copper.  It  reduoea  putiaUf 
the  oxides  of  many  metals,  when  boiled  with  their  solutiuiu. 

Sugar  forms  crystollisable  compounds  with  the  alkali**,  »iida 
of  lead,  and  chloride  of  sodium.  When  in  contact  with  the  UiMf 
membrane  of  the  stomach  of  a  calf,  or  with  the  naitfim  <tt  Bilk, 
sugar  is  transformed  into  lactic  and  butyric  acids. 

Sugar,  if  taken  along  uith  nitrogeoised  food,   may   b«  oalM 
nutritious:   it  would   ap|K.-4ir,   however,    to   act  chiefly   in  o»-, 
tribulitig  tu  the  support  of  respiration,  and  thus  keepta^  ogi  Um  j 
animal  heat.     An  animal,  coniined  to  sugar  as  food,  mmq  dies  ■ 
from  vant   of   nitrogenisod    or    albuminous  mutter,    witk   tbt 
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nptoms  of  starvation.     It  has  lately  been  proved  thot  sugar, 
at  u,  grape  sugar,  exists  in  tlie  blood,  especially  that  of  certain 

When  a  solntion  of  sugar  is  examined  by  polarised  light,  it 
res  rise  to  a  series  of  rings  of  the  prismatic  colours,  but  the 
lane  of  polarisation  is  made  to  deviate  to  the  right. 


SUGAR   WITH   BASES   AND   SALTS. 


With  lime  sugar  forma  a  sparingly  soluble  compound,  Cit  Hii 
p  +  !  . .   ^J.    With  baryta,  it  forms  a  crystallisable  compound, 

Qn  0*    I  tj^  Q.    With  oxide  of  lead  it  yields  an  insoluble 

"Sompound,  C'n  Oii  0» ,  2  Pb  0  ;  and  with  common  salt  it  yields  a 

OiTsUlliue  compound,  2  Cis  Ha  0>  -f-  j  ^-    , ,,. 

2.   Ohtcott.     8rN.     Orape  Siiffar.     Diabetic  Sugar.     Starch 

far,  Ci«  liu  Oi«,    This  itugar  occurs  iu  the  juice  ot  many  fruits, 

is  besideii  u  product  ot   the  metamorphusis  of  slarcli,   cane 

r,  woody  fibre,  sugar  of  milk,  &c.,  when  boiled  with  diluted 

It  may  also   be  obtained   Irum  starch    by   the  action  of 

.  of  m;ilt,  or  of  diastase.     It  occurs  in  the  urine  of  those 

with  dialtttet  meUUiit.   The  crystals  which  lorm  iu  honey 

'  likewise  gluoose. 

It  is  best  extracted  from  dried  grapet,  or  honey,  and  is  also 
epared  ou  the  large  scale  Irom  starch.    I  part  of  biurch  is  boiled 
itii  4  uf  water,  and  from  ^,^  to  ^,  of  sulphuric  acid,  during  3ti 
'  40  hours;  or  an  infusiun  of  molt  is  added  to  jelly  of  starou, 
Ihich  UMU  beooiues  liquid,  und,  iu  a  few  hours,  is  oouverted  into 
i;ar.    When  acid  is  used,  it  is  neutralised  by  olialk,  the  solution 
t  sugar  tUtcrod,  uud  evajiorated  to  a  syrup,  or,  it  required,  to  a 
In  this  process,  starch,  Ci>  iliu  Oiu,  takes  up  4  etja. 
kt*r,  and  pruducea  glucuse,   Cu    Hit  t>i4  ;    so  Uiat  luO   porta 
puTO  sturub  yield,  or  ought  to  yield,    122  of  gluoose.     The 
BO  explonatiou,  only  varj'iug  the  qiuintity  of  water,  applies  to 
the    oouveruon    iuto   gluioso    of    ciiuc     sugar,    Ci<    iln    Uii  ; 
dy  Ubre,  Cu  11.0^;   and  sugar  of  milk,  Cu  Hu  tJu,  these 
npoiuids  requiring  3, 15,  aud  2  e'ls.  of  water  respectively  to  form 

B. 

Thu  action  of  infiision  of  molt  is  not  explained ;  all  that  we 

is,  that  this  iufusion,  or  a  solution  of  diastase,  a  substance 

itnined  Lu  it,  dues  actually   cause   starch  to   take    the    form 

yliicow.     It  is  probable  that   the    diastote   is  in  a  state  uf 
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deeoTnporitiuD,  and  may  aot  as  a  ferment.  The  action  ot  Um  i 
would  seem  to  be  equally  obscure;  but  there  U  soiim  twwoBto' 
think  that  there  is  first  formed,  as  in  the  cose  of  ether,  a  oonpbd 
acid,  or  aoid  salt,  whioh,  like  tulphovinio  add,  is  deoooipMi 
by  boiling.  According  to  De  Saussure,  sulphuric  acid  and  stavah 
RCtunlly  form  a  crystallisable  oompound. 

Glucose  crj-stallises  from  alcohol  in  square  tables  or  enbM; 
a  concentrated  syrup  of  it  yields  only  a  mass  formed  of  cryst«lliiM 
grains.  It  is  much  less  soluble,  requiring  1^  port  of  cold  walcr, 
and  less  sweet  to  the  taste,  than  cane  sugar :  in  fact,  1  pari  of  c 
sugar  sweetens  as  much  as  £^  of  glucose.  It  is  mnob 
soluble    in    cold    alcohol    than    cane  sugar.    At    212'    gU 


loses  2  eqs.  of  water;  when  heated  beyond  2M'  it  ti««oaMs 
oaramol.  II ot  water  dissolves  any  quantity  of  gluooae,  bat 
the  syrup  is  not  nearly  so  viscid  as  that  of  cane  sugar.  Solution 
of  glucose  exhibits  the  prismatic  rays  with  polarised  light,  ud 
causes  the  plane  of  polarisation  to  deviate  to  the  right. 

Oluoose  is  easily  distinguished  from  cane  sugar  by  the  oetiaB 
of  aoids  and  bases.  With  pure  bile  and  a  little  sulphtuic  mM, 
it  strikes  a  violet  colour,  and  probably  cane  sugar  will  d« 
the  same.  Strong  sulphuric  acid  dissolves  without  charring  it, 
forming  sulphosacchai-ic  acid  ;  and  the  alkalies  and  «l>-«|i»M 
earths,  wliioh  do  not  decompose  cane  sugar  unless  very  ootuan* 
trated,  rupidly  convert  glucose  into  a  brown  matter.  PerozUt 
of  lead  converts  it,  at  212°,  into  basic  formiate  of  lead,  Mrbouto 
of  lead,  and  water. 

The  best  and  most  delicate  test  for  glucose  is  Trommsdorff**  or 
the  copper  test.  If  to  a  solution  of  glucose  we  add  a  littli'  solution 
of  sulpliate  of  oopjK'r,  and  then  caustic  potAsh  in  prog  r,  • 

blue  solution  is  formed,  which,  on  standing  a  little,  jti 

precipitate  of  suboxidu  of  copper,  and  bcoomos  flniUl^  u-Juurlotf. 
1  his  cliuuge  is  accelerated  by  boiliug,  and  if  there  bo  no  •>«•••  (f 
the  copper  salt,  the  whole  copper  is  preeipitattd.  Ity  this  cbmbs 
wo  con  easily  detect  1  part  of  glucose  in  1,(K>0,(KK)  of  water, 
a  perceptible  red  precipitate  being  formed.  Even  a  rtftiltiw 
ten  times  more  diluted,  and  containing  therefore  only  1  jiart 
1(1,000,000,  is  seen  to  be  tinged  rt-d  in  certain  positions,  or 
we  look  through  a  considerable  depth  of  it.     Cane  sugar  docs  tmt 

J  produce  tlic  same  effect  unless  long  boiled,  and  iLva  it  is  probably 

I  converted,  in  part  at  Ica^t,  into  glucose. 

By  this  test,  glucose  has  been  detected  by  Bernard  as  a  BOmal 

'  eonstitueut  of  the  blood  in  certain  poits  of  tho  body. 

Th«  tame  process  may  be  applied  to  the  drterminatioa  of  tk* 
amount  of  sugar  in  any  liquid.  The  liquid  is  tlrst  buiM  witib 
add,  to  ooDTert  all  cane  sugar  into  gluoosu,  and  then  a  Mfat* 
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of  a  ftalt  of  ooppcT  in  potash,  of  a  koowu  stn^ngtb,  is  added 
ng  B£  it  is  dec'uliiri&od  by  the  eaocharine  Eolutiun. 
With    barj-ta    and   lime,    and  oxide   of  lead,  glucose  forms 
componnds   which  it  is  difficult  to   obtain    pure.        That   with 
baryta  ap|)ear&  tu  contain  3  eijs.  baryta  for  2  eqs.  of  gluoosc,  and  as 
the   baryta   replaces    water  in   such  compouuds,  it  is  probably 

3  Ba  0  ^  Cm  Hn  On   )  3  n  q-     "^^^  compound 

ith  lime  appears  to  be  Cis  Hit  On  ,    2  Ca  0 ;    and  that  with 
Cu  Hu  611  ,  3  Pb  0.     If  we  suppose  the  dry  glucose  to  be 
Ci>  Hii  On,  and  to  uouibino  with  3  eqs.  water  and  3  eqa.  base, 
Uica  we  should  have 


baryta  ap|)« 
^^  the   baryta 

^Ks*  Hi»  Oi 

^^nrith  lime  1 
^ie«aCuHi 


CiTBtAllUed  glacoae 
Comptmuii  with  I1U7IA 


lime 

oxide  of  loul 


.      Cit  Hii  On 

fCi.  Hii  On 

'  (.CkHii  On 

.     Ci>  Hn  On 

.     Cit  Hu  Oil 


SH  0 
3H  0 
3fia  0 
r2C»  0 
1  H  0 
3PbO 


Bat  the  compound  which  g^pc  sugar  forms  with  common  salt, 
and  which  crystallises  very  readily,  does  not  ajcret-  exactly  with 
this  view.  The  crystals  ore  2  (Cii  Hu  On  )  +  Xa  CI  +  2  IT  0  ; 
and  at  212°  they  lose  the  two  equivalents  of  water. 
The  sulphusaeehurio  acid,  above  mentioned  as  being  formed 
1  grape  su^ar  is  acted  on  by  oil  of  vitriol,  has  not  been  folly 
ainol.  It  forms  a  boluble  salt  with  baryta. 
With  organic  acids  glucose  forms  oompounds,  the  sugar  in 
whieb  cannot  be  lirought  to  crystallise.  Hence  organic  acids 
ctA'ile  juices  act  iujuriuusly  by  first  convirting  cone 
into  glucose,  and  theu  forming  with  it  uucrystallisable 
ooinpounds. 

When    sugar  is   boiled    with    bydrochlurio   ncid,   it  yields 
diArent    brown    jiruduots,    according    to    the    strength    of   the 
With  ci^ual   parts  of   acid    and  water,  it  yields  a  body, 
I  Hn  Ug:  with  u  weaker  acid,  two  brown  corapoundu :  a  soluble 
C<o  Mu  Oio  ,  and  on  iusulublo  ouc,  Cm   Mm  Oi*.      When 
with  diluted  sulphuric  acid,  two  subAtiiiices  are  formed, 
are    nearly    block  ;    one,  tacchulminr,  insoluble,  and  the 
laccliutiiiic  acid,  soluble,  in  auiniuuiu.      The  latter  is  C>« 
■to  Oit. 
When  boilod  witii  alkalies,  oane  su^or  is  first  converted  into 
ftut(ar,  and   then   into   formic  acid,  and  Ih'u  uvw  acids,  th«t 
t  acid  and  the  mulitttie  iicid.     Gluoic  acid  \»  very  soluble,  and 
Its  ibrmuJa  is  either  Cii   Ut  Om  ,  or  Cm  Um  Oii.     It  is  ohiuUy 
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formed  before  the  application  of  heat,  wliicli  convprtu  it  Itt 
melassio  ncid.  Tliis  lntt<T  ncid  ia  formed  from  snpar  by  the  jdint 
action  of  heat  and  alkalies.  It  has  a  yery  dark  colour,  aiat 
when  separated  by  hydrochloric  acid,  appears  as  >  black  floo> 
culent  deposit.     Ita  formula  is  C»4  Hu  dj. 

Caramel,  the  black  matter  formed  by  heating  *ui>«r  t*  abont 
400°,  has  the  formula  of  anhydrous  cane  lugar,  Cu  H»0»,  or  C«« 
Hw  On  .  It  dissolves  readily  in  water,  forming  a  solution  like 
sepia,  which  is  tasteless  when  pnre.  The  caramel  ol  oommeret 
oontains  a  good  deal  of  undeoomposcd  sugar. 

When  sugar  is  distilled  with  3  parts  of  lime,  it  yields  a  liquid 
which  is  a  mixture  of  acetone  and  propione.  Propion«  is  a 
colourless  Liquid,  of  an  agreeable  odour,  boiling  at  IS3*,  tad 
insoluble  in  water.  Its  formula  is  Cio  H*"  0« ,  or  C»  H.  O.  Thu 
formation  of  these  products  is  therefore  easily  accounted  for. 

When  sugar  is  heated  with  hydrate  of  potash,  fcreral  pro- 
ducts are  formed,  but  among  them  is  an  acid,  C<  Ha  0<  = 
C«  H«  Oj,  H  O,  which  is  propylic  acid,  evidently  derived  (roB 
propione  by  oxidation  at  the  expense  of  the  hydrate.  It  is  very 
similar  to  acetic  acid,  and,  like  it,  belongs  to  tlie  series  of  roUtil* 
acids  of  the  general  formula  (Cs  H> )  •  -f-  0* . 


ACTTON   OP  irmUC  ACID  OK  OTOAK. 

Saecharir  Acid,  Cu  H»  Oi»  ,  2  TI  0,  is  one  of  the  prods 
of  the  action  of  dihited  nitric  acid  on  oane  or  grape  •ilgir> 
When  stronger  acid  is  used,  oxalic  and  carbonic  acids  are  til* 
chief  products.  When  sugar  has  been  heated  with  2  parti 
of  nitric  acid  and  10  of  water,  the  acid  liquid  givra,  witfc 
basic  acetate  of  lead,  an  insoluble  sacoharute  of  lead,  which  a 
deoumposed  by  sulphuretted  hydrogen,  and  t)io  acid  aolutioo  m 
far  neutralised  with  potash,  that  on  evajwration  it  yields  cnralali 
of  the  arid  snccharatc  of  potush.  This  salt  is  purified,  again 
oonvcrtid  into  soccharate  of  lead,  and  again  the  lead  salt  te  d*- 
composed  by  sulphuretted  hydrogen.  The  acid  this  time  is  pim. 
It  crystallises  with  difficulty. 

This  acid  has  been  supposed  to  bo  quintibosio,  and  to  km 
tive  scries  of  salts ;  but  the  latest  researches  of  Hcintx  lc«(t  t« 
tlie  conclusion  thut  it  is  Cu  Ha  Oi«  ,  2  II  0.  Saccharic  arid  fonns 
a  crystal  I  isable  ncid  salt  with  potash,  and  definite  salts  with  many 
otiier  bascH.  It  is  isomerio  with  mticic  acid,  for  Cu  H«  O14,  3  H  6 
ia  the  furuiula  of  mucic  acid. 

The  «acoharate  of  silver,  whon  gently  heated  under  waltr,  h 
decomposed,  the  silver  being  reduced ;  aiid  aa  this  oecxin  witk> 
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«at  eaferresoence,  the  reduced  metal  adheres  to  the  glass,  and 

fomu  s  bright  mirror  surface.     The  other  sacohnratea  are  only 

eresling    in  respect   to   their    composition.      On   the   vrliole, 

ohario  acid  is  a  componnd  of  high  theoretical  interest,  and  the 

nation  of  two  isomeric  acids,  saoohario  and  mucio,  by   the 

tion  of  nitric  acid  on  cane  and  grape  sugar  on  the  one  hand, 

id  on  gum  and  sugar  of  milk  on  the  other,  is  a  fact  which  may 

ifUtT  lead  to  a  knowledge  of  the  true  oonstitution  of  the 

ferent  kinds  of  sugar. 

Notwithstanding  the  fact  that  cane  sugar  is  easily  converted 
into  glucose,  and  that  the  formuhe  differ  only  by  3  eqs. 
water,  it  is  evident  that  these  two  kinds  of  sugar  differ  raure 
than  if  they  were  merely  different  hydrates  of  the  same  com- 
pound. Strong  mineral  acids  instantly  decompose  cane  sugar, 
^^at  have  little  action  on  grape  sugar ;  while  alkalies,  which 
^^Bmbine  with  cane  .^ugar  to  form  crystalline  compounds,  rapidly 
^Hpnvert  grape  sugar  into  dark  compounds,  glucio  and  melassio 
^^■dds.  And  althuugh  both  sugars  agree  in  undergoing  the  same 
^^nrinous)  lermentatiun,  yet  this  is  because  oane  sugar,  before 
^^Brmeutiug,  becomes  gm|io  sugar. 

^^  When  vegetable  juices  containing  cane  sugar  are  evaporated, 
the  presence  of  organic  acids  causes  its  conversion  into  grape 
sugar;  and  when  lime  is  added,  to  clarify  the  juice,  Uie  action 
of  the  lime  on  gru{>e  sugar,  when  evaporaied,  produces  glucio  and 
melaaaio  acid  ;  in  other  words,  renders  much  sugar  dark  and 
onorystallisable,  converting  it  into  molasses.  A  great  part  of  the 
Ion  owing  to  this  cause  has,  of  late  years,  been  avoided  by  onre- 
fiilly  neutralising  with  sulphurio  acid  as  soon  as  the  lime  has 
.•ct«d  the  otoritieatiun. 

Suyar  of  Milk,  or  Lactine,  C«  Hio  Oio,  2  H  0  =  Cu  Hn  On, 

ued  by    evaporating    claritied  whey   till  it    crystallises, 

pure,  it  forms  hard  white  crystals,  soluble  in  5  or  0  parts 

oold  and  2^  of  hot  water.     The  taste  of  the  crystals  is  feeble, 

X  a  c<inoeucrated  solution  tastes   very  sweet.     It  is  insoluble 

ether  and  alcohol.     It  is  isomeric  with  glucose  or  grape  sugar. 

boiling  with  diluted  acids,  it  is  converted  into  grape  sugar. 

the  action  of  nilrio  acid,  it  yields  mncic  or  taec)tolactic  aeid, 

oombines  with  ammonia  and  with  oxido  of  lead.     Its  presence 

vents  the  precipitation  of  many  metallic  solutions.     Sugar  of 

plible  of  the  vinous,   lactic,  and  butyric  fermenta- 

il  is   wi-ll   known  that  some    nations    prepare    an 

ing  liquor  from  milk  by  fermentation.     There  is  reoaon 

that,  previous  to  fermentation,  it  is,  like  cone  sugar, 

iolo  grape  sugar ;    aud,  at  all  events,  milk  does  not 
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,  ferment  until  an  acid  has  been  formed  in  it,  which  add 
,  lootine  into  grape  sugar. 

Sugar   of  nullc   fonni  two  compounds   with  oxide  <A 
the  oompositiou  of  which  is  not  fully  ascertained. 

Muck  Acid,  Cii  IlaOi*  +  2  H  O,  ia  formed  when  dilatad  oitrit 
acid  acta  on  augar  of  milk,  gum,  or  maiiuite.  ]t  is  ■  wldte 
crystalline  powder,  of  a  feebly  acid  taste,  »oluble>  in  6  puts  •( 
boiling  water,  wliioh  deposits  nearly  the  whole  on  Oooltl^.  It! 
solution,  when  long  heated  and  evaporat^'d,  yields  th«  modf/lri 
viucie  acid.  Slucio  acid  dissolves  oil  of  vitriol  with  a  orimMB 
colour.  When  heated,  it  blaokena,  and  yield*  among  other 
products,  pyromttcie  acid. 

Mucic  acid  is  bibasic,  and  forms  two  series  of  lolti,  om  wMi  9  ; 
eqs,  fijced  base,  the  other  with  1  eq.  fixed  base,  and  I  et}.  ' 
These  salts  have  little  interest.  The  mucatr  of  oiydt  of  ethyk  or 
mucic  ether,  cr}-HtalliseB  in  4-aided  prisms,  soluble  in  hot  wslcT. 
ArVlien  boiled  with  a  base  it  yields  alcohol,  and  muoat*  of  tirt  hatt^ 
Its  formula  is  C'li  Ha  Oit  +  2  Ae  0. 

Modified  Mucic  Acid  is  more  soluble  in  water,  f<>lnHt  is 
alcohol,  from  which  solution  it  is  deposited  in  square  tabha.  Iti 
aijucous  solution,  saturated  at  the  boiling  [loint,  deposits  o«  esoi* 
iug,  ordinary  mucic  acid.  Its  salts  are  more  soluble  titan  the 
mucates,  but  the  acid  in  them  easily  pas»8  into  the  ordisaff 
acid.  It  is  probable  that  the  modified  acid  contains  1  sq.  of 
water  more  than  the  other. 

Pyramucic  Acid,  Cu)  Ha  0»  +  H  0,  is  formed  by  the  di^dialfl- 
latiou  of  muoio  aeid,  1  eq.  of  mucio  acid,  Cii  Uw  Oi«  ,  ooatato  I 
the  elt ments  of  1  eq.  pyromucio  acid,  Cio  U.  On ,  (>  e<i*.  wstar,  Bs 
0«;  and  i  cqs.  carbonic  acid,  Ci  Oi.  Pymmncic  acid  lotmt 
brilliant  white  scales,  fusible  at  26<i',  and  volatilises  oomplrtci}' 
at  a  temi>ernture  somewhat  higher.  It  is  lolulde  in  water  aad 
alcohol.  Its  suits  are  not  important.  It  is  isoouirie  wilk 
pyromeeoiiio  aeid,  but  quite  distinct  in  pruf^rtics.  PyromMeali 
((f  vjcidt  of  ethyte,  Cio  Ha  O, ,  Ae  0,  is  a  solid  ci'vatallinable  ( 
pound,  fusible  nt  93*,  volatile  at  410*.  Chlorine  acts  on 
ether,  forming  a  new  compound,  Ci*  Us  CI*  Oi ,  the 
of  which  is  i|iiite  uncertain. 

4.  Huyar  of  Muahroum: — Wiggers  obtained  from  ergot  of  Tja  ] 
a  saccharine  compound,  crystallising  in  transparent  rhoml^ 
prisms,  soluble  in  water  and  alcohol,  and  susceptible  of  the  vimas 
feniieutalion.  An  auulyais  uf  this  sugar  gave  the  fonntiUCu 
Uu  Ui*  ,  tliat  is,  grape  sugar,  niinut  I  eq.  watir.  This  maj  h* 
a  distiiioi  kind  of  sogar ;  but  the  mushroom  sugar  of  Bnesiaal 
is  mannite  nr  rouiina  sugar. 

5.  Hut  bine,  t'n  Uu  0„.  This  is  another  form  of  sagar,  1 
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^inco«e.     It  i«  found  in  the  berries  of  the  mountain  ash. 
forms  colourlets  crystals,  of  a  sweet  taste,   Iei>s  soluble  in 
loohol  tlmn  the  other  forms  of  sugar.     By  hent  it  is  decomposed, 
Jdiiig  a  red  acid,  torbinic  aciti,  said  to  be  Cm  Hu>  Oh  .     This 
rmula  is  very  doubtful.     It  reduces  the  salts  of  copper,  eape- 
ally  when  pota.<h  is  added. 
tt.  InoiiU,  Cu   Hji  0»«  +  4  aq.     This  is  a  sugar  found  in  the 
lioe  of  flebh.     It  forms  mammellated  groups  of  minute  crystals, 
ich  are  sweet  and  very  soluble  in  water,  sparingly  in  strong 
loohol,  insoluble  iu  absolute   alcohol  and  ether.     It  doe*  not 
ppear  to  undergo  the  vinous  fermentation,  but  is  capable  of  the 
otic  and  butyric  fermentations. 
If  a  very  small  portion  of  inosite  be  added  to  a  drop  or  two 
of  nitric  acid,  dried  up,  and  the  residue  moistened  with  a  little 
ammoDia  and  chloride  of  calcium,  and  again  evaporated  to  dry- 
all  on  a  platinum  spatula,  a  fine  rose  colour  is  developed, 
^h  part  of  a   gniin  may  be  thiu   detected.     Inosite  does   not 
Juce  cop(>er  to  the  suboxide  when  mixed  or  boiled  with  the 
Jphatc'  of  cofiper  and  caustic  potash. 

7.  UncnjitalUtahU  Sugar.  Sugar  of  fruits,  Cii  Hii  On  .  This 
another  isomeric  form  of  glucose.  It  is  found  in  most  vegc- 
kblu  juices,  especially  if  acid,  also  in  honey  along  with  grape 
Dgnr.  Cane  sugar  is  converted  into  it  by  boiling  with  diluted 
Jphnric  or  hydrochloric  acid.  It  causes  the  plane  of  polarisation 
deviate  to  the  left.  It  acts  od  the  cojiptr  test  exactly  as 
does,  and  undergoes  the  vinous  ft-rmvntution  like  that 
Indeed  in  the  fermentation  of  cane  sugar,  it  is  into  this 
fbnn  of  grape  sugar  tlint  the  cane  sugar  is  converted,  before  it 
Bents,  and  this  change  is  seen  in  the  action  on  polarised  light. 
We  have  seen  that  starch  and  woody  fibre  may  be  converted 
t\o  grapM  Kugur  by  boiling  with  dilute  sulphuric  acid;  in  like 
fanner,  solieine  and  phloridziue,  boiled  with  the  same  acid, 
ivid  talircUue  and  phlureliua  in  euoh  case,  aloug  with  grape 
but  the  action  of  the  infusion  of  malt  is  still  more 
ulor;  we  have  seen  that  starch,  by  contact  with  iufusion  of 
it,  is  ra|iidiy  converted  into  grape  sugar.  This  action  is 
to  the  presence  of  diastase,  a  nitrogenised  body  which 
in  malt,  and  which,  while  it  causes  the  oonversion  of 
.  into  sugar,  itself  disaiipcars.  Tlio  action  is  evidently  duo 
to  the  state  of  doooinixixition  of  the  diastase,  which  is  an  alba- 
body  in  a  Rtjite  of  change ;  and  there  is  no  doubt  that 
laeeds  germinate-,  the  starch  they  contain  is  in  this  manner 
lend  soluble,  and  conveyed,  as  sugar,  to  all  parts  of  the 
snt,  there  to  bo  converted  into  woody  fibre  by  a  process  the 
trvnc  of  that  by  which  woody  tibro  is  ouaverted  into  sugar. 
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This  latter  is   seen  in  the  ripening  of  fleshy  fruits,  wh« 
quantity  of  cellular  matter  (lifeTjine)  disappears,  and  the  propor- 
tion of  sugar  very  much  increases. 

Traors   OH   AlCOHOLIC   rKEMEllTATIOX. 

This  name  is  given  to  that  change  by  which  sugar  is  i 
into  alcohol  and  carbonic  acid,  by  contact  with  a  fermenL     Tkt 
sugar  must   be   dissolved   in   water,  and   the  solution   mnat  ht 
exposed  to  a  tumiierature  of  from  40*  to  86°.     If  a  ferment,  ndh 
Bs  yeast,  be  added,  the  sugar  soon  disappears,  carbonio  acid  ii 
given  off  in  large  quantity,  and  the  liquid  is  found  to  oootaln 
I  alcohol,  which  may  be  separated   by  distillation.      Xow,   grip* 
'  sugar  Cii  Hit  Oi4  ,  contains  the  elements  of  2  eqs.  alcohol,  4  e^t. 
carbonic  acid,  and  2  eqs.  water,  2  (C*  H«  Oi)-|-  4  CO.  +2  H  0; 
and,  by  very  exact   experiments,  it  has   been  proved  that   100 
parts  of  grape  sugar  yield  only  47°12  of  alcohol,  44'84  of  oarboait  | 
acid,   together   91'96    porta,    the    loss,    9'04    parts   being  th*  S\ 
eqs.  of  water  separated.     On  the  other  hand,  cane  sugar,  Cii  IIii 
On,  requires  the  addition  of  1  eq.  of  water  to  yieM  2  eqs.  alcohol 
and  4  eqs.  carbonio  acid,  =2  (C<  IIii  Oi )  +  4  C  Oi  :  and  hm  i 
also  experiment  has  demonstrated  that  UK)  parts  of  eane  sugar  < 
yield  53-727  parts  of  alcohol,  and51-298  of  carbonic  acid,  together 
105'02d ;  the  increase,  or  5-025  parts,  being  due  to  the  1  eq.  of 
water  taken  up  to  form  dry  grape  sugar,  Cii  Hii  Ois,  into  whick 
cane  sugar  is  converted  before  it  undergoes  fermentation.     Thaas 
facts  prove  that  the  ferment  takes  no  direct  port  in  the  rcactioB, 
but  only  acts  by  inducing  a  state  of  change. 

A  considerable  number  of  substances,  if  in  a  state  of  dettM* 
position,  act  as  ferments  on  a  solution  of  sugar ;  among  Umw 
are,  besides  yeast,  vegetable  gluten,  albumen,  caseine  or  iibriae, 
aud  the  corresponding  animal  substances  ;  also  animal  matlsr 
generally,  if  in  a  state  of  putrefaction. 

It  appears  that  when  a  vegttabli;  juice,  such  as  grape  juioe,  or  ■> 
infusion  of  malt,  ferments,  the  admission  of  the  air  is  nrnrs^fj  to 
the  oiimmencement  of  the  change,  which  then  goes  on,  even  if  air 
bo  afterwards  excluded.  It  was  stated  by  Gay  Luasae,  thattha 
oxygen  of  the  air  acted  by  inducing  decomposition  of  the  ferment, 
but  recent  experiments  have  shoM-n  that  air  may  be  ndmitlwl  to 
such  solutions,  without  fermentation  occurring,  provided  the  tit 
\m>  passed  through  a  tube  filled  with  oott^on  w<hiI.  The  reoaoa 
I  seems  to  l)e  that  the  germs  of  fungi  are  thiis  ar/ented,  which 
would  otherwise  cause  fermentation  by  being  dcvdojH-d  in  the 
ferment,  which  is  dccoininist  ■!  during  their  growth.  It  i«  crrtaia 
that  yeast  consists  in  great  ]iart  of  the  cells  ofa  minute  fungoa,  tbs 
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StMvlifaUt,  kdw- 

"Makvf*.  nit  M  tke  MM  vidk  mfMiM  af  aub.  Otrnvnt  thii 
a«y  W,  «•  arc  mi«  Aaft,  'witk  er  withoot  fnagi,  tkeictMcatis 
anfycBfablea^MtiaS  MsferMeat  vbc*  H  it  in  m  aUtt  of  ^ 
r*— •***".  tad  ikeoalfciykMUifM  wvMBgirtof  tkel 
•f  ■i^WM.IlMt  tke  fsrtidM  af  tbtM  IwliM,  fata«  ia  «  aUto  el 
iWumwifiMliiiM.  an  i»  — tiiw.  ail  Tij  frwiaiiniwlii;.  fdmiimllj . 
as  tT"!—  cr  Bobn  to  tha  paitidM  of  tba  aagar,  Aarttoy  thv 
balaBw  at  aflattia  to  wkidi  tke  »¥iirt>iiM  of  angar  it  owing ; 
■ad  tliai  gtra  tim  to  a  acv  balauM  or  equilibtiva,  ■«««  lUhle 
■ade*  Um  girea  arrinaatiniM,  The  elemenUry  paitiolM  of  tba 
•g^ar  bciag  toUuhad  ia  dicir  pmious  anangemeBt,  gronp  Utrni  • 
arimt  awatding  to  thair  iadiridoal  affinities:  and  while  the 
oarbaa  fomu,  on  oa»  ride,  aeoaipoiiad  containing  all  the  hydrogvu 
(alaobol),  H  yieldt,  oa  tko  other,  a  oompoand  containing  tiie 
gtcatcr  |iart  of  the  oxTgea  (carbonic  acid). 

When  a  natural  juice,  at  that  of  the  grape,  fennentt,  tone  of 
tke  rariooa  cnbrtanoea  it  contains  undfrgo  a  drcompositiou, 
probabtj  of  aa  analogont  kind,  giving  rise  to  othfr  new  pro* 
dneta,  which  arc  importaat  in  regard  to  the  flavour  of  tlie  liquid 
(wia*%  hvtt,  or  spirits)  produced  in  the  fennrutatiiin.  Thus  all 
wine  OMitaini  trnanthic  ether,  the  higbiT-flavuiirt-d  wine*  contain 
butyric,  and  caproic  elher*,  possibly  also  utht-ra, 
bat  !i  small  prupurtion  ;  potato  spirit  contiiius  the  oil  uf 

jjniil  [J        '         ■  rman) ;  (.^rain  spirit  contains  a  similar 
It  i«  not  ;  ■-,  thai  be&idrs  the  vinous  fcriucntation 

takvs  plac«i  ui  Uiv  greater  ]>art  of  the  su)c»r,  a  {n'ouliar 
action  occurs,  between  a  ])ortioa  of  the  eufcar  and  thv  fiTmeut 
pr  Boni«  other  nitrogenised  compound  presi'nt),  ihu  result  uf 
b^icb  is  till-  production  of  these  peculiar  oily  liquids.  The 
{,  or  so  much  prized  flavour  of  Uiu  tiuer  wiuvs,  is  doubt- 
'owing  to  sotne  etlitTeul  couipouud  pruduot'd  in  n  kimil&r 
waj,  bat  Uie  origin,  properties,  and  coiu|>oMtion  of  wliiith  aio 
yet  altogether  unknown.  It  may  be  mentioned,  here, 
however,  that  oenauthio  ether,  which  is  the  oauao  of  that 
peculiar  smell  whioh  belonj^s  to  all  wine,  and  is  so  marked  tlinl 
we  con  ot  nnce  tell,  after  many  week*  or  munths,  that  un  empty 
ottle  has  formerly  coutniued  wine,  is  a  compound  of  oxide  uf 
Ijyle  with  a  fatty  acid  ;  and  the  oil  of  potato  spirit  is  a  oom- 
Bond  analogous  to  alcohol ;  the  bydrated  oxido  of  a  radical 
ayfe,  Cio  II  n. 

In  the  fermentation  of  the  marc  of  the  grnpc,  or  tho  exproiia«d 

siduc,  in  whioh  much  sugar  is  left^  and  probably  because  of  the 

of  a  peculiar  ferment  in  the  skins  or  seeds,  there  occur 
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other  alcoholic  fermentations,  yielding  beside*  etlij'lic  tie 
[propylio,  liutylic-,  amylio,  and  oaproic  aloohola.      Tbeao  nuy  U 
easily  explained : — 


2  Cis  Hi!  On  =  8  OOt  + 
Olocoee 

or  =•  8  CX)»  + 

or  =  8  COi  + 

or  =  8  COi  + 


Aln-t'oU. 

C.  n.  Oi  Ell 

2  (C  U.  0.)       IV  , 

2H0 

2(C>aioOi)      Butjlie 

4  UU 

C«   li.  Oi  Tropjlio 

CioMiaO:  Amylic 

4  HO 

C»pT«io 
KUijUo 


r  Cu  Hi.  0. 
<{  c  u>  o« 

I.4H0 


lAcnc  FEiaresT*TiO!«. 

When  B  tolution  of  sugar  is  placed  in  contact  iritb 
ourd,  or  uDsalted  skinuned-milk  cheese,  irliich  has  prriioinif 
been  exjmsed  to  tho  atmosphere  for  some  time,  and  the  mixton 
is  kept  at  a  tcmpuraturc  from  about  76'  to  00°,  a  pcodiar 
ohan|;e  takes  place,  which  has  been  called  a  fermcDtation,  bid 
which  difl'ers  from  the  vinous  fermentation  in  this,  that  tk« 
escape  of  gas  does  not  oppear  to  be  essential  to  it.  Tlun  liquid 
soon  becomes  acid,  from  the  conversion  of  sugar  into  lactic  aal  i 
but  vrhen  the  amount  of  free  acid  reaches  a  oertuin  point,  iht 
fermentation  is  thereby  checked.  If  now  the  free  acid  be 
Deutralixed  by  the  addition  of  carbonate  of  soda,  or  oarbmiBtt 
of  lime  (chalk),  lactate  of  soda  or  of  lime  is  formed,  OTboain 
acid  is  disengaged,  and  the  fermentation  recommence*.  By 
repeating  tlie  addition  of  soda  or  chalk  as  often  as  firen  Mid 
appears,  tlie  whule  of  the  sugar  may  be  nt  last  oonvcrt«d  ial* 
lactic  acid,  and  obtained  in  the  form  of  lactate  of  e4>da  or  of  Da*. 

The  best  method  is  to  dissolve  1  part  of  cane  sugar  or  sagu 
of  milk  in  about  6  of  water,  to  add  at  the  commcncoineiit  }  put 
of  prepared  chalk,  and  a  proper  quantity  of  curd  ur  obeeac,  ui 
to  place  the  whole  in  a  tcmiHTatiire  of  77*  to  00".  EfTerreaMBc* 
occurs,  owing  to  the  decomposition  of  the  chalk,  and  in  proooM 
of  time  tho  lactate  of  lime  is  deposited  in  small  round  m»aam 
of  minute  crystals,  in  such  quantities  aa  to  solidify  tho  wlialf 
mixture.  This  result  sometimee  takes  place  in  t<:n  day*;  it 
other  times,  according  to  the  precise  tomjH.raturo  or  the  atato  «rf 
the  cnrd,  not  till  aftfr  seyc'ral  weeks  or  even  moatba.  B«l 
when  it  is  complete,  which  is  known  by  the  cessation  of  th»  ii^ 
gemcnt  of  gas  uud  tho  aulidification  of  the  maaa,  tlw 
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to  ho  entirely  oonvert^d  into  lactic  add,  without  the 
brmatiou  of  any  otiier  product.  This  is  tlie  true  lactic  furment- 
ttioa  ;  but,  as  we  shall  ev«,  it  is  apt  to  be  mixed  mud  complicated 
ith  other  fomiB  of  deoomposition. 

The  ooDversion  of  sugar,  Cu  Uu  On  ,  or  of  lactinc,  Cn, 
it  On  ,  into  lactic  acid,  Cu  II lo  Oio  ,  2  II  0,  is  very  simple: 
for  laotise  already  contains  the  eleniC'Uts  in  the  necessary  pro- 
tion,  and  cane  sugar  re<iuire8  only  the  addition  uf  1  eq.  of 
later.  It  is  therefore  probable,  d  priori,  that  no  other  product 
id  be  funned  along  with  the  lactic  acid ;  and  in  several  of 
my  own  exi^riments  I  have  obtained  so  large  a  quantity  of  lactate 
of  lime  oa  to  lead  to  that  conclu.tion,  while  I  could  detect  no 
uther  product,  except  some  oolooring  matter  and  a  little  undecom- 
\  Kogor. 

It  is  tiiis  fermentation  which  occurs  in  milk  when  exposed  to 
air.     The  caseine  enters  into  the  state  in  which  it  becomes 
able  of  exciting  the  lactic  fermentation  in  the  sugar  of  milk 
t) ;    but    OS   soon  as  the  liquid   becomes  very  acid,    the 
Station  is  checked,  unless  an  alkali  be  added.     Ilenoc  sour 
contains  botli  lactic  acid  and  nndecomposed  lactine  ;  but 
the  oc(;a!>ional  addition  of  alkali  the  whole  lactino  may  be 
verted  into  lactic  acid,  or  rather,  lactate  of  soda. 


TISCOra    FEttMKXTATICX. 

When  certain  cnrcharino  juices,  such   as  those  of  beet-root, 
tmmAM,  onions,  Ice..,  are  exposed  to  a  temperature  of  from  86"  to 
**,  a  ptculiur  fermentation  takes  place.     The  sugar  disappears, 
U  inctiad   of  iili'ohol   and   carbonic  acid,   there  ore  obtained 
' iitic  ariil,  and  a  mucilaginous  substance,  having  the 
:   of  gum  ;    this   latter  renders  the  liquid  ropy  and 
uij.,  hence  the  name  given  to  the  process. 


Tbe  mniimiiiion  rif  manoite  is 
That  of  btrtio  acid  is 

Togetheir 


Gil  Hi*  Gift 
C.iHiiOii 

CmHmOm 


It  t»  evident,  therefore,  that  2  eqs.  of  dry  grape  lugor,  Cm  Hh 
,,  gaining  2  eqs.  hydrogen,  might  give  rise  tomannitc  and  lactic 
The  gum  hojt  tho  same  composition  as  sugar,  so  that  we 
•  led  t/t  bi-1i>  vo  that  the  nitrogeuised  constitueuts  of  the  juioo 
a«t«  on  tbe  tiiuitr,  to  which  they  yield  hydrogen  ;  and  that  those 
Dpound*  are  tbeiusclves  deoom]>osed  by  the  loss  of  hydrogen, 
aito,   as<l   lactic  acid,   which    are    very   permanent,    being 
dnocd  from  the  sugar. 
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There  is  every  rvMon  to  believe  thnl  the  vincous  (enneBlatiaB 
is  tt  mixvd  procia*,  consisting  of  the  lactic  feimfmlalion  uid  o( 
nother,   the  true  viscous  fennentation,  the  products  of  irh  ' 
p\un   iiud  uiannite.     lu  the  prepnration  of  lactic  acid 

gar,  with   the  aid  of  a  curd  above  deiscribed,  I  have  nomet 

ubtoiui'd  a  little  luannitc,  but  always  in  bo  small  w  proportion  M 
to  iudicaU)  that  its  production  was  not  essentially  oonnoct«d 
with  that  of  the  laotio  acid,  while  iu  other  experimcitt  m 
mouuite  appeared.  ^Vhere  maunito  did  oeonr,  I  am  indilMd  to 
suppose  that  tliu  lactic  fermentutiou  was  mure  ur  leas  ooBifJicalid 
with  the  visoous. 

BtJTTHIC   FEUJIESTATIOS. 

After  the  sugar,  in  the  lactic  fermentation,  has  b«ten  oMiiutri 
ks  above  described,  into  lactate  of  lime,   if  the  mixture,  rtiU 
containing  the  easeine  or  curd,  be  kept  for  some  time  in  a 
I  pent tu re  of  fniui  'M-"  to  105°,  the  nearly  sulid  moss  of 
dissolves  by  degrees,  wliile  a  mixture  of  hydrogen  and 
acid  gases   is  given  olf,  and  at  last  the  wlmle  nia.ss,  etoept  ttu 
cheese   aud   any   excess  of  chalk,   bt-conies   limiid.       When  the 
disengagement  of  gas  has  ceased,  the  Uijuid  is  foiuid  to  oontwii  iw 
lactate,  but  only  butyrate  of  U&e  ;  and  this  salt  may  ba  tiiiw 
easily  obtained  iu  any  i^uontity.     The  conversion  of  laoUe  iola 
frrio  acid  is  easily  explained;  for  Cis  Hit  Oi«  ^  C«lls  0»  -f 

V , '  -. 

Lactic  Add.         Butxiw  AcM. 
H<  +  4   C  Oi;    ond  it  is   probable  that   no  other   prviduct  U 
formed;  fur  in  some  experiments  1  have  seen  the  laolata  eun- 
verled  entirely  into  pure  butyrate  of  lime,  which  cr)gliHiwiJ  In 
the  lust  drop. 

It  is  evident  that  under  certain  circumstances,  the  thre«  Idait 
of  fermentation  just  described  may  occur  simultaneously,  ao  Uat 
the  liquid  may  contain  laotio  acid,  butyric  acid,  miiuuile,  gvM, 
and  unchanged  sugar. 

Mannite,  Cii  Hit  Ou  ,  occurs  as  the  chief  ingredient  of  ■■■>■> 
It  is  also  found  in  certain  juices,  in  mushrooms,  in  roots,  Midi  ■> 
that  of  celery,  and  is  formed  artiiioiaUy  as  above  dt^cribcd.  It  ia 
easily  purified  by  solution  in  alcohol,  and  crystallisation.  It  foms, 
when  crj'stollised  in  water,  large  prisms,  of  a  weolc  swiet  taste. 
It  is  not  susceptible  of  the  vinous  fermentation.  Kitric  acid  anil 
Iiermonfjanate  of  potash  act  on  it  us  on  sugar.  Uy  a  mixturv  uf 
nitric  and  sulphuric  acids,   it  is   converted  into   mtromioimiU, 

Ci«  /j<"fj,  \    f  Oil.     This  compound  forms  silky  cryatala, 

ozpludo  by  heat  or  by  ]>ercusaiott. 
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Sulphario  acid  forms  with  manuite  aulphomannitia  aoid,  Cu 

ii4  ()i«,  6  8  Ot  . 

Duieou,  C\t  Hi*  On,  is  isomrrio  with  mannitc.     It  is  a  »ub- 

nce  renembling  mannite,  seat  from  Madagascar,  and  produced 

i»m  tome  plaut  not  yet  known,     It  forms  brilliant  crystals.     It 

.  from  maunito  in  seTeral  points. 
Phycite,  Cu  Hu  On  ?  This  seems  to  be  also  isomeric  with  man- 
nit«.     It  is  found  in  Prolococcut  vuUjarit.     It  forms  rectangular 
pn«BU  of  A  decided  sweet  tosto.     It  ditt«rs  in  various  properties 
fram  the  two  preceding  com[>oandg. 

Qurreitf,  Cu  Hit  Ciu.  This  sulistance,  found  in  acorns,  forms 
hard  orystAls,  slightly  sweet.  Its  furmulu  is  that  of  mannite  miiiUM 
2  0q.  of  water.  Ita  action  on  polarised  light  is  not  mentioned, 
bnt  th©  Uir(«  preceding  compounds  have  no  such  action. 

Lactic  Acid,  C II  HioOif,  2  H  (>,  so  called  because  it  occurs  in 
•our  milk,  is  also  formed  abundantly,  as  above  described,  in  a  pe- 
culiar ferment  11  tion  of  certain  sacoharino  juiocs  at  a  high  tem[)e- 
ftture.  In  milk  it  is  derived  from  the  sugar  of  milk;  and  by 
vntntlisiag  sour  mUk  with  carbonate  of  soda,  adding  sugar  of 
milk,  alldwiug  it  again  to  become  acid,  again  neutralising,  and  to 
_on  in  sucwssioi),  as  long  ns  the  casoino  causes  the  peculiar  change 
I  take  place,  it  moy  be  obtained  in  large  quantity.  A  still  easier 
rooess  is  to  dissolve  1 1  parts  of  cane  sugar  in  tJO  of  water,  and 
add  4  of  moist  cheese  and  7  of  prepared  chalk.  The  mixture 
'Icing  kept  some  time  at  from  V?-*  to  80^  F.  will  at  last  become 
quite  thick  with  orj-stals  of  lactate  of  lime.  If  the  action  of  the 
oua  ferment  be  pushed  further,  and  at  a  higher  temixsrature, 
I  lactate  of  lime  is  not  obtained,  but  in  ita  place,  butyrate  of 
)  in  large  quantity,  {Hea  Butyric  Fermentation.)  The  above 
itiei  will  yield  about  13  parts  of  lactate  after  it  has  been 
lod  by  crystallisation  ;  besides  from  1 J  to  2  part*  maunito. 
I  »cid  of  Haiwrkraut  is  Inetio  acid,  and  by  boiling  the  juice  of 
ant  with  ohnlk  or  carbonate  of  zinc,  lactate  of  zino  or  of 
lainy  be  obtained, 

4ebtg  has  lately  shown  that  laotic  aoid  exists  abundantly  in 
be  juice  of  tlesh  ;  ond  as  abundnutly  in  the  flesh  of  carnivorous 
thnt  of  herbivorous  animals.     This  is  remarkable,  as  the 
I  of  carnivorous  animals  conluins  no  saccharine  or  auiyloooous 
utter,  »o  that  the  lactic  acid  must  be  formed  from  albuminous 
apouads.     Tho  juime  remark  applies  to  the  occurrence  of  lactine 
I  milk  of  oamivoni,  and  to  that  of  glucose  in  dogs  fed  on 

It  hu  boen  stated  by  Cap  and  Heory,  that  lactic  aoid  exists 
I  aonnal  urin«,  m  lactate  of  urea  ;  but  I  hur«  never  been  abl« 
'  tti«ir  proooas  to  obtain  from  uriso  a  trace  uf  Uotio  acid,  nor 
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I  ftnyUiing  but  pure  nrea.     I'elouze  aud  others  were  equally  oiMiie- 

teeaBful :  and  Liebig  has  proved  by  experiments  on  a  vctt  lai]gt 

scale,  that  urine  contuius  no  lactic  noid  in  the  normal  i 

further,  that  lactic  acid,  taken  internally,  cannot  be  i 

the  urine. 

From  the  lactate  of  lime,  lactic  omd  may  be  obtained  by  the 
action  of  oxalic  acid,  which  removes  the  lijne  as  oxalate.  The 
filtered  solution  is  lactic  acid,  which  is  oonceDtnited  by  eTa|w- 
ratioD,  and  purified  by  solution  in  ether.  From  the  laotato  «t 
soda,  lactate  of  zinc  may  be  obtained  by  adding  chloride  of  liat 
to  the  hot  saturated  solutioa  ;  on  cooling,  lactate  of  zinc,  being 
sparingly  soluble  in  oold  water,  cnstaUises.  This  salt,  acted  en 
by  barytio  water,  yields  lactate  of  baryta,  from  which  sulphuria 
acid  removes  the  barj'ta,  aud  the  filterod  li(^aid  is  pure  dila 
lactic  acid. 

In  its  most  concentrated  form,  hydrated  lacUo  acid  Is  i 
liquid,  of  a  very  strong  but  pleasant  acid  taste.  Its  Sp.  O.li 
I''2l0.  Its  formula,  according  to  Engelhardt  and  Maddrell,  ia 
bibasiv,  Ci>  Hio  Oio,  2  H  0  =Cii  His  On.  It  is  therefore  isomeric 
with  dry  grape  sugar  and  witli  lactine,  or  sugar  of  milk,  betit  of 
which  are  Cit  Hit  On.  At  482*  the  hydrate  is  duoompowd,  aai 
yields  anhydrous  lactic  acid,  Cn  Hio  Oio  ,  as  ou  amorphous  inaM, 
rhioh,  with  dry  ammonia,  forms  lactamate  of  ammonia.  Water 
converts  it  into  Uie  hydrated  acid.  Heated  beyond  4S3*,  tile 
anhydrous  acid  yields  a  solid  orystoUine  sublimate,  Cu  lU  Oi , 
which  has  been  called  anhydrous  lactic  acid,  or  sublinsed  laoiie 
acid,  better  Uictidt.  This  comi>ound  dissolves  readily  in  hot  water, 
and  the  solution  if  evaporated  yields  the  origiual  hydrate,  fiat 
when  the  acid  is  neutralised  by  bases,  only  one  of  the  'i  t^t,  of 
water  taken  uji  by  the  sublimed  aoid  is  replaced  by  a  baae ;  and 
consequently  wc  cannot  look  on  laotide,  that  is,  the  subliraed  %M 
M  tile  true  anhydrous  aoid.  The  anhydrous  u' 
the  laoUites,  is  Cii  llio  Oio ;  and  lactide  is  not  . 
converted  into  lactic  acid  wheu  boiled  witli  watur. 

The  general  formula  for  the  lactates  is  Cu  Hio  Oi,,.  2  M  O.  Tfce 
lactates  of  the  alkalies  are  very  soluble  and  dtli  that  of 

lime  is  less  soluble  in  cold  water  and  crystal  K 
lactate  of  zinc  is  sparingly  soluble  in  cold  water,  and  la  li( 
Will  adapted  for  the  extraction  and  purification  of  the  aoid. 

llie  salts  of  the  lactic  acid  from  flesh  dificr  in  tlie  amoa&t  «f 
water  of  crystallisation  from  those  of  the  aoid  from  milk. 

I'Ootia  acid  may  be  regarded  as  a  coupled  formic  acid.  III* 
copula  being  aldehyde  ;  for  C.  H  O.  (the  half  of  lactic  aoid}  = 
<-•  n»  0,  4-  C«  H«  Ot.  Thi«  oonsUtutiun  has  been  rendered  |»o- 
bablc,  by  the  discovery  that  laclio  aoid  may  be  artificially  tomti 
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from  alanine,  a  base  obtained  by  the  action  of  hydrocyanic  and 
'  ydnwhluric  acids  on  aldtliydammonia.     It  is  well  known  that 
ydrocyonic  acid  with  hydrochloric  acid  yields  formic  acid  and 
onia.     In  the  above  reattion,  therefore,  wc  have  formic  acid 
[•Idehyde  in  statu  ruucenti.     They  probably  oumbine  to  form 
acid,  but  ammonia  being  also  present,  another  reaction 
and  alanine,  a  body  isomeric  with  loctamidc,  is  obtained, 
fiave  thus,  first,  Ci  Ui  0.  +  C4  H«  Oi  =  C«  Ho  Oa ;  and  then 
_^    H«  O,  +  N  113  =  2  H  O  -t-  Co  Ilr  N0«.     The  latter  group 
1*  alanine,  which,  when  acted  on  by  hyponitrons  acid,  yields  lactic 
ooid,  thus ;  C»  N  Hr  0«  +  N  Os  =  Coll.  0.  -f-  H  0  +  Ni . 

If  suoh  be  the  true  constitution  of  laoUc  acid,  wo  should  expect 
it,  as  wvll  as  alanine,  to  be  one  of  a  homologous  scries.  And,  in 
this  is  the  oase.  An  acid  baa  been  discovered,  glycolio  acid, 
i  Oa,  which  is  formic  acid,  Ci  H*  0*,  coupled  with  formic 
fde,  C>  BiOi;  and  i^lycocine,  Ct  N  Ha  0<,  is  the  compound 
ogous  with  alanine,  and  corresponding  to  the  new  acid. 
be  only  other  known  members  of  these  series  are  leucine, 
I  K  Ui>  0> ,  and  the  acid  derived  from  it,  Oii  Hii  Os ;  the 
however,  is  but  little  studied.  But  glycoUc  acid,  as  will  be 
ned  under  hippuric  acid,  is  [lerfectly  analogous  in  properties 
ie  acid.  The  above  facts  also  explain  how  it  is  that  lactio 
when  distilled,  yields  so  much  aldehyde. 
tctainiiU,  Cii  Uu  N*  Oa,  is  obtained  when  ammonia  is  made 
.  on  lactio  aoid.  It  is  ouly  remarkable  from  the  foot  that  it 
is  one  of  four  isomeric  or  polymeric  vompounds,  namely,  laotamide, 
alanine,  sorcosine,  and  uretliane  (carbamate  of  oxide  of  ethyle), 
all  of  which  have  perfectly  distinct  properties.  It  is  called 
lactAmidc,  because,  like  amides  in  general,  it  yields  lactic  acid 
and  amuionia  when  acted  on  by  acids  and  bases,  which  the  other 
QtrM  do  not. 

Bcwolotf  and  Streeker  have  shown  that  on  acid  probably  exists 
OOntldning  lactic  and  benzoic  acids,  the  benzotactic  acid,  Cao 
H«o  Cm  =  Oil  Hii  Oil  +  2  (Cu  Ua  0«).  This  is  homologous  with 
iMoaoglycolic  BL-id,  an  acid  apparently  pre-existing  in  hippoiio 
Mtd,  or  of  which  hippuric  acid  is  the  amide.  The  formula)  here 
giTan  are  double  those  in  the  section  referred  to  ;  but  the  latter 
mre  aaaily  doubled,  and  the  relations  are  the  same,  both  waya, 
(8a«  Uippntrie  Acid.) 

&.  BUtrA.    Cia  Hio  Oio. 

Tcry  important  compound  is  universally  diffused  in  the 

:tA*ble  kingdom.     It  occurs  in  seeds,  as  in  tlioK)  of  wheat  and 

oereelia,  and  also  in  the  Icguminoso! ;  in  roots,  as  in.  tJtus 
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tubers  of  the  potato ;  in  the  stem  or  pith  of  many  plant*,  ■*  H 
Sagus  Itiimpbii ;  in  some  barks,  as  that  of  cinaamuc  ;  aail  In 
pulpy  fruita,  suuh  as  the  apple.  Finally,  it  la  oontaiocd  ia  iKt 
expressed  juico  of  most  vef^etablca,  such  as  the  carrot,  in  a  itato 
of  supension,  beiug  deposited  on  standing.  Starch  bos  ban 
recently  detected  in  the  blood,  in  the  brain,  and  in  other  paila  of 
the  animal  body. 

It  ia  chiefly  extracted  from  wheat  floor  {euTnmon  $tarek) ;  frnai 
potatoes  {potato  ulareh);  from  the  root  of  Jatropha  mamAut 
{tapioca);  from  that  of  ^ornTjte  arundinocra  (orro«r-roo<) ;  frdOl 
the  stem  and  pith  of  Saijut  farinifera  Ilumphii  {*afo) ;  Ibe  tal»- 
■tanoes  known  by  these  different  names  b«ing  all  essMitiaUj  tt» 
•ame. 

Wlien  floor  is  kneaded  with  water  in  a  olotli,  the  waltr 
carries  off  the  starch  in  suspension,  and  dex>osita  it  on  standiaf, 
leaving  behind  the  gluten.  By  a  similar  proeess  starch  U  purifltd 
from  the  cellular  substance  and  other  matters  mixed  with  it  in 
potatoes,  which  are  rasped,  and  then  treated  with  water  u  abe**. 
Bago,  being  finally  dried  at  a  somewhat  high  Uaapet^BU*i 
aoqnires  a  horny  and  translucent  appearance. 

Pure  starch  is  a  snow-white  powder,  of  a  glist«ning  U)>mC 
which  makes  a  crackling  noise  when  pressed  with  the  finger.  It 
is  comifosed  of  transparent  rounded  grains,  the  sire  of  whtob 
varies  in  diflerent  plants.  Those  of  the  potato  are  the  Lari^ . 
those  of  the  leguminoste,  as  peas,  are  very  small ;  and  thoa*  of 
wheat  and  rice  are  smaller  still.  According  to  Pnyen,  th«  UlfVit 
starch  granules,  those  of  certain  potatoes,  Imve  a  length  of 
186  thousandths  of  a  millimetre.  The  length  of  those  of  airov- 
root  is  140  thousandths  of  a  millimetre.  Those  of  the  pM  and  of 
wheat  raeasuro  60  thousandths  of  a  millimetre  ;  while  thoM  of 
the  seeds  of  beet  ond  of  Chrnopodiuni  ijuinoa  have  the  IcngtJt  g{ 
4  and  2  thousandths  of  a  millimetre  re»i>eetively .  As  I  thuoaaadlil 
of  a  millimetre  is  equal  to  4  one  hundred  thousandth*  of  a 
inch,  or  0-00004,   the  above  measuiement*  in   decimals  of  la 


inch,  will  be: — 

SUrch,  grains  of 

iMgth. 

Cbsnopodiom  Meds   . 

ri-i>i.oii4 

Berlaeeils 

(i-oiidliS 

Wheat  and  Peas 

iriiiijoo 

AiTOW-n>ot,  uid  Knne  rotat--. 

ii'iifi.'.r.fv 

Foialocs  (Uniest  gnina) 

0  oi>7«0 

i 


Starch  is  insolnble  in  cold  water,  alcuhol,  otid  etiiar  ;  but  < 

heated  with  wat«r,  it  first  becomes  viscid,  and  is  tbtu  miiiiwlid 
into  a  kind  of  aolution,  which,  howewr,  is  not  oompM*,  Wt 
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lanxner  formed  by  the  swelling  of  the  grains  of  starch  into  i 
macUoginiiU!!  muss.  On  cooling,  thn  whole  forms  a  stiif,  Bomi« 
vpaqoe  jelly,  starch  paiite.  If  dried  up,  this  yields  a  translucent 
■MM,  which  softens  and  swells  into  a  joUy  with  wat«r,  like 
tragmoanth.  The  solution,  or  mixture  of  starch  and  water,  has 
the  riMnarkable  property  of  striking  a  deep  blue  colour  with  free 
iodine.  This  appears  to  be  owing  not  so  much  to  a  chemical  and 
de&nitc  combination,  as  to  the  mechanical  division  of  the  icMlino  ; 
there  is  even  reason  to  think  that  the  blue  colour  is  that  of  iodine 
finely  divided,  adhering  to  the  starch  as  a  dye  does  to  the  libres 
of  cloth. 

AVhen  starch  is  warmed  with  water,  to  which  has  been  added 
either  some  infusiim  of  molt  or  some  diluted  acid,  the  viscidity 
of  the  mixture  disappears,  and  the  lluid  solution  is  no  longer 
coloured  blue  by  iodine.  As  soon  aa  this  is  the  case,  the  whole  of 
the  starch  has  disappeared,  and  has  been  converted  into  a  solublftj 
gtun  called  dertrine,  from  its  power  of  causing  the  plane 
polftrisation  to  deviate  to  the  right.  This  change  may  be  com- 
pletely effected  by  heating  starch  to  a  certain  point  in  sealed 
tubes,  with  wattr  containing  only  ^,th  piu-t  of  oxalic  acid.  Th«  ^ 
action  of  molt,  in  converting  starch  into  dextrine,  dejiends, 
hM  been  mentioned,  on  tlie  presence  of  a  nitrogcuiscd  or  albumi- 
BOOB  body,  tiiuitase.  According  to  the  proportion  of  molt  or  of 
•Old,  and  the  temperature  employed,  the  change  is  more  or  less 
rapid ;  and  when  the  action  is  oontinuod,  the  dextrine  is  in  its 
turn  converted  into  yhicone,  or  grape  sugar,  whioh  ixom.  this 
oircumsttmce  is  also  called  starch  sugar. 

In  contact  with  oil  of  vitriol,  starch  appears  to  form  a  com- 
pound or  c<iuplvd  acid,  lulpfioainidic  acid.  Strong  nitrio  acid, 
rubbed  up  with  potato  starch,  dissolves  it,  forming  a  viscid  liquid, 
from  which  water  precipitates  a  white  explosive  oonipouud, 
I'd  xyliiilinv.     This  compound  has  some  of  t)>e  properties  of 

Im  tra^ai'iiuth,  but  it  contains  the  elements  of  nitrio  acid,  and 
hu  not  yet  been  fully  investigated.  According  to  Pelouze,  ita 
formula  is  C6  lit  Ut  +  MO5 ;  according  to  Ballot,  it  is 
Cu  Uis  KOm;   but  more  recent  researches  tend   to  show  that 

the  formula  of  xyloidine  is  Cu  |  ?* NO  I  ^*°  '  "'"*  ''•  ***''°^ 
to  which  2  cqs.  of  hydrogen  arc  replaced  by  'i.  wjs.  of  nitrous 
•Old.  WliKU  sluroli  is  distilled  with  modenittly  strong  sulphuric 
Boid,  it  yields  oarbouio  acid,  formic  acid,  and  a  puageut  volatile 
oil,  hitliurto  very  little  examined. 

The  blue  oonipuuiid  of  iodine  and  starch  is  best  prepared  hy 
•dding  to  Uio  lii|aid  Uttered  from  the  viscid  paste  obtniood  by 
boiling  starch  with   water,  first  iodide  of  potassium,  and  the 
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solution  of  chlorine,  M  long  as  it  oauset  a.  bine  preeipiUU,  • 
is  to  be  washed  till  the  xrater  pane*  deep  blue,  and  to  be  i 
vacuo.  Its  colour  is  so  iotenae  as  to  be  nearly  black.  It  i 
not  appear  to  be  a  compound  in  definite  proportions.  The  beat 
method  of  using  starch  as  a  test  for  iodine  in  mineral  watt-r*,  to., 
is  to  add  to  the  water  some  starch  paste,  and  then  a  little  nitzis 
acid  or  chlorine.  The  latter  is  best  added  in  the  form  of  gas,  it* 
weight  allowing  it  to  be  poured  like  water  ;  while  in  thia  wcy  «• 
are  less  likely  to  add  an  excess,  which  would  destroy  the  b1a» 
colour.  Or  wo  may  place  in  the  bottom  of  a  phial  the  liquid  to 
bo  tested,  adding  a  little  oil  of  vitriol,  and  suspending  from  tha 
stopper  a  slip  of  paper  moistened  with  starch  paste.  Alter  •  tiat^ 
if  iodine  be  present,  the  paper  wiU  exhibit  a  tingo  of  blti».  By 
theae  testa  j^^th  part  of  iodine  in  a  liquid  may  bo  detect4Fd. 

With  bromine,  stnrch  forms  an  orange-yellow  precipitate,  which 
cannot  be  dried  without  decomposition. 

Dextrine  is  obtained  by  heating  to  about  120*  a  mixture  of  ', 

parts  of  starch  paste  and  1  pait  of  strong  infusion  of  malt,        

iodine  no  longer  colours  tho  mixture  blue.  The  addition  of  stroof 
alcohol  now  precipitates  the  dextrine  as  a  thick  syrup,  while  any 
sugar  remains  dissolved.  Payen  recommends  the  use  of  nitrM 
acid.  The  starch  is  tirst  mixed  with  j^th  of  its  weight  of  njtho 
acid  at  40°  of  Bcaumt-,  that  is,  ordinary  but  not  the  moat  eoB- 
oentrated  acid ;  and  in  order  to  distribute  this  irmall  proportioil 
equally,  so  much  water  is  added  that  the  starch  can  abaorii  iht 
whole  without  being  rendered  in  any  degree  liquid.  It  is  waU 
kneaded  together,  out  into  blocks,  which  are  dried  in  a  atorcb 
in  a  current  of  air,  after  having  been  broken  into  small  fra^ 
ments  ;  tho  temperature  being  gradually  increased  to  140*,  or  wit 
beyond  176'  F.,  till  at  the  end  of  the  process  it  is  kept  for  anm* 
time  at  a  constant  temperature  of  230°.  In  this  way  a  gam  ii 
obtained  much  less  coloured  than  tliat  made  H-ith  malt.  When 
dried,  dextrine  much  resembles  gum,  from  wliich,  howwver,  »t 
differs  in  tho  extreme  facility  with  which  it  is  cuh verted  into  sugar 
when  wanned  with  dilute  sulphuric  acid  or  infusion  of  malt, 
and  by  not  yielding  muoio  acid  when  acted  on  by  nitric  aeid. 
The  composition  of  dextrine  is  the  same  as  that  uf  utATch.  Ib 
fact,  dextrine  is  supposed  by  some  to  be  llio  substance  wUek 
is  contained  in  the  f;rains  of  starch,  inoluMtl  in  an  ituoinbte 
membrane,  which  is  burst  in  the  process  of  conversion  of  atarvb 
into  dextrine,  or  solution  of  starch,  by  means  of  aciiis  Uul 
infusion  of  malt.  The  substance  present  in  the  malt  whlcJt  hat 
the  property  of  effecting  this  change  is  called  diatlat^.  It 
oontaiii!!  iiitniKcn. 
Aooording  to  other  observers,  the  grain*  of  ctaroh  are  ( 
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Smeentrlo  layew  of  one  and  the  same  substanoe  (dextrine?), 
the  outer  layer  being  insoluble  in  water.  As  starch  is  I'oiuid 
to  oontain  a  small  proportion  of  a  matter  analogous  to  was 
or  to  oaout«houo,  we  may  suppose  that  the  presence  of  this 
matter  in  the  outer  layer  is  the  oause  of  its  insolubility,  or  that 
the  whole  mass  of  the  grains  is,  by  its  moans,  rendered  insoluble, 
and  endowed  with  the  property  of  swelling  up  with  water  to 
a  paste  or  jelly.  Dextrine  will  then  bo  the  purified,  and  conse- 
quently soluble,  matter  of  starch.  If  the  outer  coat  be  different 
from  the  contents  of  the  grains,  it  has  stiU  the  same  composi- 
tion ;  for  analysis  shows  no  difference  between  starch,  dextrine, 
and  the  insoluble  matter  left  on  the  filter  when  starch  b  boiled 
with  diluted  acids. 

Ltincome. — This  name  is  given  to  a  substance  having  the 
properties  of  gum.  which  is  prepared  by  simply  roasting  or  torrc- 
fj'ing  starch  at  about  300°.  It  is,  in  fact,  capable  of  being  used 
instead  of  gum  in  calico-printing,  and  is  mode  on  the  large  scale. 
It  ha«  a  yellowish-brown  colour.  It  is  probably  dextrine,  more 
I  or  leM  pure,  generally  containing  some  undeoomposed  starch. 
When  well  made  it  dissolves  in  cold  water  like  gum, 

Inuline,  dahline,  alantine,  datiscine,  mcnyunthine,  Cit  Hio  Oio? 
C«  ni«  Oi.  ?  Cm  Hm  O.*  K  Cm  H.i  Oil  ?— This  is  a  substance 
analogous  to  starch  in  the  roots  and  tubers  of  Inula  hehnium. 
Dahlia  vnriahillt,  Helianthus  tuberoim,  and  many  other  synan- 
Iherous  plants,  which  do  not  yield  ordinary  starch. 

It  is  extracted  from  the  roots  by  boiling  water,  and  is  deposited 
by  the  concentrated  decoction  as  a  brittle  white  mass,  formed  of 
crystnlliue  grains,  or  as  a  fine  powder.  It  is  tasteless,  insoluble 
in  cold,  very  soluble  in  hot  water.  Diluted  sulphuric  acid,  with 
the  aid  of  heat,  rapidly  converts  it  into  grajte  sugar,  from  which, 
like  starch,  it  differs  only  by  a  certain  amount  of  the  elements  of 
The  best  analyst's  make  it  isomeric  with  starch.  It  would 
ear  to  differ  in  diffVrent  vegetables,  but  always  retaining  the 
etiarnoter  ot  this  class  of  bodies,  namely,  the  presence  of  hydrogeu 
and  oxygen  in  the  proportions  to  form  water.  Iodine  ouluiirs  it 
■lightly  brown. 

Lichenine,  Cu  Hio  Oin. — This  is  a  variety  of  starch  found  in 
Liehtn  i$tanilicut,  or  Iceland  moss.  It  forms,  when  pure,  a  nearly 
Oolourles>i,  taHteleiM  mass,  which  swells  up  into  a  transparent  jelly 
with  cold  Water,  and  dissolves  entirely  in  hot  water.  When  its 
solution  is  boiled,  it  forms  pellicles,  like  milk,  which  adhere  to 
tha  vessel.  It*  solution  is  not  coloured  by  iodine,  but  the  jelly  is 
rendered  blue  by  that  tt^st.  Uy  diluted  and  boiling  sulphurio 
ao(d  it  is  converted  into  sugar;  by  nitric  aoid,  into  oxalio  and 
I  acids.     It  hoa  the  composition  of  starch. 
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Saponine  is  the  name  given  to  a  y&ricty  of  ttarch  

frum  the  root  of  Saponaria  officinuUt,     Its  firopcrtiM  uv  Utlk 
kuown. 


S,  Gam. 

This  name  was  formerly  giveu  to  almoit  all  exadatioM 
plants.  It  is  now  limited  to  certain  rather  abundant  sabttaaoa* 
which  are  solid,  uncrystollisablc,  transparent  or  tranalaocMt, 
colourless  or  nearly  so  ;  tasteless,  inodoroos,  soluble  in  wsti.tr,  cr 
at  least  softening  in  it,  and  insoluble  in  alcohol,  ether,  fat,  and 
volatile  oils.  They  yield  mucio  acid  when  acted  on  by  nitrio  nod. 
Th«y  may  be  divided  iuto  gums  which  dissolve  in  oold  water 
(arabiue,  mucilage),  and  gums  which  only  swell  up  to  a  jcUy 
(trogacanth  or  bassorino,  cerasine,  pectine).  Arabine  and  oerasilM 
contain  oxygen  and  hydrogen  in  the  proportion  to  form  waUv: 
the  other  gums  are  nearly  analogous  in  composition, 

Arabine,  or  gum  arabio,  is  found  as  on  exudation  from  Mi«al 
species  of  acucio.  What  is  called  gum  Senegal  is  essentialljr  tiba 
same.  It  is  nearly  colourless,  transparent,  hard,  and  brittle,  aad 
has  a  mild  taste.  It  is  very  soluble  in  oold  water,  and  fonaa  • 
vucid  m\iciliigc,  from  which  alcohol  precipitates  the  gum.  Til* 
diluted  solution  is  precipitated  by  silicate  of  potash,  lubaoctBta  of 
lead  and  protonitrate  of  mercury.  When  a  mixture  of  pUBt 
water,  and  sulphuric  acid  is  kept  for  some  time  at  a  termperator* 
near  boiling,  it  is  converted  into  grape  sugar.  The  oompoettiM 
of  gum  is  Cii  Uio  Old,  that  is,  the  same  as  that  of  statxsh,  wUalk 
accounts  for  the  trausfonnation.  Ambiue  jicldfi  2  or  3  p«r  i 
of  ashes,  containing  a  good  deal  of  lime. 

Mucilage  is  the  name  given  to  a  substance  resembling 
found  in  many  vegetables,  such  as  lintced,  aUhtra,  and  othcn.  It 
difliTs  from  arabine  in  being  less  haid  when  dry,  and  leas  trana- 
parent.  It  would  appear,  however,  that  tlie  mucilage  of  althaa* 
root  is  essentially  stiiroh  inclosed  in  cells  formed  of  woody  fibre  or 
cellulose.  The  ditt'eront  mucilages  are  resolved  into  grape  angar 
by  bfiug  heated  w  ith  dilute  sulphuric  acid,  and  therefore  may  bw 
considered  as  containing,  like  starch  aud  arabine,  water  plu$ 
carbon.  Since  all  these  mucilages  contain  much  mineral  matter, 
the  raiiciloge  of  linseed,  fur  example.  Waving  11  per  cent,  of  aalics 
rii-h  in  lime,  it  is  probable  ihat  their  peculiar  qualitiea  defiOMi  •■ 
the  preiicnoc  of  phosphate  of  lime  or  other  salts  of  lime,  dii^aUi^ 
eitltcr  starch  or  arabine. 

Ba**orin€  is  t)io  name  given  to  a  substance  whioh  fomia  Uw 
chief  port  iiti/um  tragacaulh  and  of  t/um  liwusfra,  and  also,  aeeord- 
ing  to  some,  of  *t<^/i,  a  wuoihi^uuus  substauoe,  obtained  £rm  Um 
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Ku  tnaneula.     According  to  Schmidt,  however,  salep 

really  furtuod  of  swelled -up  grains  of  sluruh. 

Pure  btuworiDB  roBemblos  arabine  in    appearance,    but  is  less 

ruDniuuvnt,  and  instead  of  dissolving  in  cold  water,  only  swells 

ivp  to  a  very  great  extent,  forming  a  viscid  mass.     Its  composition 

I  analogous  to  that  of  arabine,  and  by  digestion  with  diluted 

kulphuric  acid,  it  is  transformed,  like  salep,  into  grape  sugar  and 

iuluse.     Ceratine  is  the  name  given  to  that  port  of  the  gum  of 

lebM'ry,  plum,  or  almond  trees,  which  is  insoluble  in  oold 

It  probably  contains  a  mixture  of  gum  arubic  with  baaso- 

ine,  or  with  solep. 

i>uriog  what  is  called  the  yisoous  fermentation,  which  takes 
place  in  certain  sweet  vegetable  juices,  as  that  of  beet-root,  there 
formed,  along  with  lactic  acid  and  manuite,  a  mucilaginous 
aiiound,  which  cause*  the  viscidity.     When  dried  it  has  nearly 
be  clioructers  and  composition  of  arabine. 

Pfctine  is  the  eubstance  which  causes  the  juioe  of  some  pulpy 

raits,  as  apples  and  pears,  to  coagulate  or  gelatinise  when  mixed 

with  alcotiol,  by  which  the  peotiob  is  precipitated.     When  dried, 

;  resembles  gum  or  iidngloss,  and  forms  a  jelly  with  water.     By 

the  action  of  nitric  acid  it  yields  oxalic  and  muoio  acids.      It 

(^  yields   about  8  {ler  cent,  of  ashes,  containing  much 

J  of  lirau.     In  contact  with  alkalies,  it  is  transformed 

itu    I       i.    aiid.      I'eclic  acid  is  easily   obtained   from  many 

regiUii).    ,    .-,  for  example,  rasped  carrots,  by   washing  them 

\tnA\   with  diAtilled  water,    and  then   boiling  50  parts  of   the 

Kjueezcd   residue  with   300  of  water   and   1   of  potash.      The 

eotate  of  jiot-ash  is  deposited  us  a  jelly  in  the  filtered  liquid  on 

Bg.     Kither  this  salt  or  tlie  ]>ectate  of  lime  may  be  dccom- 

by  diluted  hydrochloric  acid,  which  leaves  the  pectio  acid 

I  jelly,  which  dries  up  into  transparent  lamina;,  insoluble  in 

water  but  very  soluble  in  alkalies.     From  these  solutions  acids 

pitate  it  OS  a  jelly.     In  this  form  it  is  slightly  soluble  iu 

water,   but  the  solution  gelatinises  on   the  addition  of 

salts,  alcohol,  or  sugar.     It  is  sup])0Bcd  not  to  exist  ready- 

bnniHl  in  the  pUuts,  but  to  be  produced  by  the  action  of  alkaUes 

pa  pcctine. 

The  alkaline  peotatet,  when  dry,  form  gummy  solids,  soluble 

I  w«t«.T.     Aluohol  onuses  the  solution  to  gelatinise,  and  even  an 

^•XO«w  of  potttsh  or  soda  has  the  same  eiiect.     The  (wrthy  aud 

^-fiMtailic  peotatos  are  gelatinous   and  insoluble.      When  dried, 

peetinc,  pcelic   acid,  and    all,  the   (>cctates,   uaiune  a  eollular 

tieture,  so  to  speak. 

The  juUy  funned  in  currant  juice,  as  well  as  other  juioos  by  the 
I  of  sugar,  is  i>eotine  or  peotio  aoid.     The  boiling  of  such 
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juices  probably  promotes  the  formatioii  of  jelly  ;  for  it  has  hen  ' 
•hown  tliat  when  the  insolnble  part  of  unripe  ourranta,  ntler  beUg 
washed,  is  boiled  with  water  acidulated  with  a  vegetable  wtiA,  a 
considerable  quantity  of  pcctine  is  formed,  probably  by  a  tmM- 
formation  of  the  oellular  tissue. 

The  composition  of  peotic  acid  is  not  fully  ascertained,  \oetti- 
ing  to  Re);Dault  it  is  Cii  En  On,  or  C'li  Ilr  Oio,  H  O.  JioeofUag 
to  Mulder,  it  is  Ci>  Hs  Oin.  But  the  researchca  of  diedllMr 
have  led  him  to  adopt  the  formula  Cw  Hi>  Ow,  2  H  O  =  Cm  Ha 
Qm.  In  all  the  formulae  there  ia  on  excess  of  oxygen  orer 
hydrogen. 

The  whole  subject  of  the  mnoiloginous  oomponnds,  inelodilg 
pectinc  and  peotic  acid,  is  still  very  obscure  and  requires  i 
investigations. 

Ajnine  is  a  substance  analogous  to  pectine,  found  in  ■ 
Apium  i/rareolem.  Oli/eyrrfn'zint  is  the  name  given  Ui  a  tab- 
stance  resembling  both  sugar  and  gum,  which  is  the  chi<^ 
dient  in  liquorice,  the  juice  of  the  root  of  Olyeyrrhxut  i 
It  is  soluble  in  hot  water,  and  gelatinises  on  cooling,  lu  I 
eweet  and  also  acrid ;  hut  it  does  not,  like  sugar,  unde 
vinous  fermentation.     Ita  fonnula  is  said  to  be  Ci«  His  (»». 

Sarcocolline  ia  a  gummy  matter  found  in  the  aarooooUa  of* 
meroe,  which  is  the  dried  juice  of  Pencea  mucronata.  It  ia  aoivblt 
in  alcohol  and  water,  and  has  a  taste  both  sweet  and 
Fonnula  Cta  H»  Owf  or  C«o  Has  Oi»  f 


4.   Woodn  pare. 

The  skeleton  of  plants,  after  ererything  soluble  in 
alcohol,  ether,  diluted  acids,  and  diluted  alkalie*  has 
removed,  is  called  woody  fibre.  It  varies  in  aapeot  and  in  < 
aition  as  obtained  from  diflerent  plants.  That  of  box  or  willev, 
when  dried,  is  Cn  H.  Og ;  that  of  oak  is  said  to  be  Cm  Hn  (>« : 
and  that  of  beech  ia  intermediate  between  these  two.  All 
Tarietiea,  however,  may  be  represented  as  composed  of  «rbM 
pliu  water. 

Heoent  researches  have  shown  that  wood  u  composed  of  two 
parts:  1.  ccUuluse,  which  forms  the  porietesnf  the  vcpruble  erlls, 
and  which  is  found  in  its  purest  form  in  ."*«    "  ;<♦.    lis 

fonnula,  a«M>orilinK  to  Mitsoherlich,  is  Cii  IIio  < '  leoonata 

for  i la  being  convertible  into  starch  and  sugar.  11  (laper  b* 
moistened,  and  sulphuric  acid  dropped  on  it,  and  ailowad  la 
remain  till  it  forms  a  jelly;  this  jelly,  when  washed,  ia  ooloiiral 
blue  by  iodine.     Jhe  opplication  of  heat  with  the  aoid  ooBtFWtej 
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the  (tarch  into  sngar.  Cellulose  is  found  in  the  lower  animals,  as 
in  the  mantle  of  the  oscidia,  and  others,  as  well  as  in  the  muscles 
of  invertebrota.  And  2.  lignine,  which  liUs  those  cells,  or  forms 
an  incnietation  on  their  walls.  The  latter  dissolves  in  strong 
nitric  acid,  the  former  is  left  undissolved.  Again,  oil  of  vitriol 
iasolves  cellulose  without  blackening,  and  it  appears  to  convert 
it  into  dextrine,  with  which  it  agrees  in  composition ;  while 
lignine  separated  from  cellulose  is  said  to  contain  Css  Ut»  Oto. 

There  can  be  little  doubt  that  cellulose  and  even  lignine  ore 
essentially  isomeric  with  starch,  dextrine,  gum,  and  glucose,  or 
differ  only  from  tlie  last  in  the  proportion  of  water.  In  plants 
we  see  constantly  wood  produced  from  the  soluble  forms,  and  in 
germination,  maturation  of  fruits,  and  other  vegetative  changes, 
we  also  see  woody  fibre  dissolving  in  the  forms  of  dextrine,  gum, 
and  sugar,  or  transformed  into  at&rch.  Nay,  by  the  mere  action 
of  boiling  water,  we  can  so  change  many  kinds  of  woody  iibre  or 
eellulose,  as  to  render  it  entirely  soluble  in  water ;  in  other  words, 
we  can  artificially  convert  it  into  dextrine.  And  all  forms  of  it, 
when  boiled  with  diluted  aoids,  pass  into  glucose  or  grape 
sugar. 

In  \ts  usual  state  of  aggregation,  cellulose  is  not  coloured  by 
iodine,  but  if  it  be  first  acted  on  by  strong  sulphuric  and  oily 
alkalies,  so  that  disintegration  has  commenced,  it  is  then  coloured 
blue  by  iodine.  lu  some  cellular  plants,  the  oellalar  tissue  is  at 
onoe  0<jloured  violet  by  solution  of  iodine. 

Linen,  cotton,  and  paper  are  woody  fibre,  more  or  less  pure. 

All  these  substances,  und  others  of  similar  nature,  but  less  pure, 

■uoh  as  tow  and  sawdust,  yield,  when  acted  on  by  nitric  aoid, 

explosive  oomjraiuids,  analogous  to   that  obtained  from  starch, 

dy  described  under  the  name  of  xyloidine. 

dun  CiiUon  is  best  made  by  immersing  for  two  minutes  I  port 

f  clean  dry  cotton  wool  in  about  10  parts  of  an  aoid  composed  of 

ual  volumes  of  oil  of  vitriol,  8p.  G.  1-S-lO,  and  nitric  acid, 

•p.  U.  1-510.      It  is  then  gently  pressed,  to  expel  as  mnch  as 

iblo  of  the  acid,  rapidly  washed  with  water,  till  the  water 

ns  off  tasteli-ss,  and  dried  by  a  gentle  water  heiit.     100  porta  of 

ry  cott«n  are  found,  when  thus  treated,  although  Utile  changed 

apiifiiranco,  to  Lave  increased  in  weight  t<i  IGO'i  parts.     Of 

|thifi  weight   \i)2:'i  parts  are  nitric  acid,  and  67,  or  tW"-tbirds,  of 

lie  onginal  weight,  are  derived  from  the  cotton,  oiid  represent 

iMt  may  bo  oollcd  anhydrous  cotton,  the  remaining  one-third, 

*"    part*,  having  been  lost  in  the  shape  of  water,  which  has 

ith  the  ncid. 

ig  to  I'orret    and    Teschemnrhpr,    nnliydro;i<i    cotton 
Of,  and   gun  cotton   is  Cn   IU(^+4    X   ()«,    which 
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corresponda  to  the  above  proportions.  But  the  gna  oottoB  Btj 
also  be  Cii  !!•  On  +  4  N  0*,  or  Cu  Hs  Did  +  4  N  ()»;  vhiU 
xyloidine,  whether  from  starch  or  from  woody  fibre,  it  Cm  Bt 
0«  +  2  N  0.,  Cu  Hs  0»o  -f-  2  N  0..  or  Cii  H»  On  -»-  S  N  0,. 
This  explains  the  superior  explosi've  force  of  gun  ooUon,  (1m 
combuiition  of  which  must  be  more  complete.  In  ftcA,  wkm 
exploded,  it  leaves  no  visible  residue. 

It  is  not  probable  that  gun  cotton  will  inpersede  gnafowiK 
for  fire-arms,  as  it  is  expensive,  and  its  preparation  ia  tomavliat 
uncertain.  But  when  well  made,  it  explodes  so  rapidlv  that  It 
will  probably  be  found  advantageous  in  the  blasting  of  roetta. 

By  tlie  continued  action  of  acids  or  of  hot  alkalies,  woody  filn 
yields  a  substance  which  is  coloured  blue  by  iodine.  Luhb, 
cotton,  or  paper,  all  of  them  different  forms  of  woody  fibn, 
when  moistened  with  pretty  strong  sulphuric  acid,  are  eoniatid 
apparently  iirst  into  dextrine,  and  afterwards  into  grap*  •ofV. 
When  heated  with  a  more  diluted  ncid,  linen  yields  on  amylMMOt 
pulp  hardly  soluble  in  water,  the  composition  of  which  ia  Ou 
Uio  Oio  ,  that  of  starch  and  cellulose. 

When  exposed  to  air  and  moisture,  wood  uodergooa 
oausis,  being  slowly  converted  into  a  friable  mass,  whieh  i 
a  larger  proportion  of  carbon  than  the  original  wood.  It 
appear  that  the  oxygon  of  the  atmosphere  oombines  with  lh( 
hydrogen,  and  that  carbon  and  oxygen  are  given  off  friMi  Iht 
residue  OS  carbonic  acid,  C  Oi .  As  tlie  residue  is  found  itint* 
consist  of  caibon  and  water,  it  is  evident  that  for  evaty  aqad- 
valent  of  carbon  removed,  there  are  separated  2  eqs.  of  «KJ|W 
and  liydrugeu,  so  that  the  pro[)ortion  of  carbon  to  water  Ul^^ 
residue  is  constantly  increasing.  Woody  fibre,  C'li  Hu>  Osa^ 
tlius  yield  first  a  residue  of  Cn  Hi  Oa ;  then  Oio  Ha  0« ,  Ga 
and  so  on.  When  air  u  left  in  contact  with  moist  wdo^ 
oxygen  is  removed  and  replaced  by  an  equal  volume  of  earhodia 
acid.  Tliis  is  one  chief  source  of  the  insalubrity  of  manhy 
districts;  and  the  effect  is  seen  still  more  strikingly  in  the  ( 
of  houses  which  have  been  submerged  in  an  inundation,  ' 
are  yery  unwholesome  as  long  as  the  wood  is  muist. 

The  tendency  of  wood  to  decay  is  obeoked  or  d««tro]r«d  hf 
acids  and  many  salts,  especially  oorrodve  sublimata.  Ost  ii 
contact  of  air,  moist  wood  putrefies,  yielding  a  whit*  friahla 
residue,  containing  less  carbon  than  the  wood.  Suoh  |ittidii0ts 
have  been  analysed,  but  the  results  are  not  suoh  ••  to  iMd  to  atj 
eertaiu  formula.     They  were  probably  impure. 

Ihn  oumpukiliim  of  brown  coal  is  analogous  to  that  wi  wwA 
partially  dvoHyed,  but  subjected  to  changes  of  th»  natani  nt 
putrefaction,  as  well  as  to  ercmacuusis.     Two  qnxdmcau  at  I 
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[cool   yielded  Cu  Hii   Oia  and   Cs>   His  0« ,  fonnoliD  which  are 

I  doulitful. 

All   the  prodacts    of   the  decomposition  of   wood  might  be 

^derived  from  oak  wood,  Cm  Hu  On,  if  that  were  its  true  formula, 
hj  the  fixation  of  oxygen,  and  the  separation  of  water  and 
carbonic  acid. 

When  the  sabstanoc  called  mould,  which  contains  the  debris 
of  decayed  vcgetiible  matter,  is  boiled  with  alkalies,  the  filtered 
solution  deposits,  on  the  addition  of  aoida,  a  bruwn  precipitate, 
which  has  bcea  called  ulminc,  humus,  humine,  geine,  ulmio  ooid, 
humio  acid,  and  geio  acid.  It  is  generally  admitted  that  this 
precipitate  ia  a  product  of  the  aotiun  of  ttie  alkali  on  the  decayed 
Tegetable  matter,  and  the  name  of  humus,  hnmine,  or  geioe  is 
(!;tv«n  to  the  substance  which  is  believed  to  yield  the  humio  acid. 
But  this  humus  has  not  been  iKolnted,  and  is  not  known. 

Mulder  examined  the  precipitates  obtained  from  a  variety  of 
different  fources,  decayed  wood,  turf,  peat,  mould,  &o.  With  one 
exception,  he  found  all  to  contain  nitrogen,  varying  from  2'5  to  7 
per  cent.  It  is  evident  that  those  substances  are  vegetable  matter 
in  different  stages  of  decay.  Mulder  considers  these  precipitates 
Moompounds  uf  water,  or  water  and  ammonia,  with  three  difierent 
Mids:  1.  acid  of  mould,  Cto  Hit  Oi«:  2.  humio  acid,  C<o  Hu  Ou : 
3.  nimic  acid,  C«  lli«  <>n. 

When  sugar  is  boUod  with  diluted  acids,  it  yields  brown 
substances  analogous  to,  if  not  identical  with,  these  avida  of 
Mulder. 

It  is  important  to  observe  the  general  presence  of  ammonia  in 
mould,  &o.  This  ammoniii  has  no  doubt  been  absorbed  from  the 
air  in  grnat  part ;  and  this  will  explain  the  favourable  inlluenco 
which  these  substances  exert  on  vegetation.     They  act  also  in 

I  furnishing,  by  their  slow  decay,  a  continual  supply  of  oarbonio 

I  Mid. 

Ownte  Acid  and  Aprocrenie  Aeui  aro  two  brown  extractive 
matters,  analogous  to  the  preceding,  and  derived  from  decaying 
Tegetable  matter,  which  are  found  in  certain  mineral  waters. 
I  They  both  appear  to  contain  nitrogen. 

PK0DUCT8  OF  THB  filBTIIXATIOK  OF  WOOD. 


When  wood  is  heated  in  close  vessels,  it  gives  rise  to  an  im- 
I  nrnM  variety  of  products,  according  to  the  kind  of  wood  and  to 
Itho  prescnee  or  absence  of  resinous  or  oily  matters.  In  all  cases 
Ithcrc  are  formed  gaseous,  liquid,  and  solid  products,  with  a 
f-residue  of  cliarooal. 

Xh«  gauM  ore  oarbonio  aoid,  oarbonio  oxide,  defiant  gaa  and 
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mar»h  gu.     The  liqnida  are  partly  soluble  in  water,   pwtijr 
I  insoluble.     The  latter  constitute  the  tar,  and  aj«  of  a  irmtWil 
oonsiatenee. 

The  substances  soluble  in  water  ore,  besides  water  itself,  aMtM 
aoid,  acetone,  pyroxylio  spirit  (hydrate  of  oxide  of  mi^yle}, 
'  acetate  of  oxide  of  mcthyle,  lignone,  xylite,  and  meaite. 

The  oily  substances,  insoluble  in  water,  are  very  namtnot, 
including;  creosote,  picamar,  eupion,  oapnomor,  &e.  Along  with 
these  are  the  compounds  which  at  the  ordinary  t«niperftture  as 
tolid,  snoh  as  paniffine,  naphthaline,  oedriret,  pitiacall,  pyrtes, 
obrys§ne,  and  p\-Toxanthine.  The  last  mentioned,  being  Mfy 
volatile,  chiefly  aooompanies  the  acetic  or  pytvli^neous  tM. 

1.    V<iatiU  ProiliuU,  tnluile  •■«  leatrr. 

Acetic  Acid.  This  is  one  of  the  chief  products  of  the  distiPilfaw 
of  woods.  Its  mode  of  puriiioation  and  its  properties  have  ban 
already  described.  As  prepared  from  this  source,  it  i*  oAm 
called  i>yruligneouB  acid.  The  crude  or  impure  aoid  is  bigbljr 
antiseptic ;  not  only  because  vinegar,  like  most  acids,  ia  to,  b^ 
also  because  it  contains  much  creosote  dissolTed.  BeaeaitMt 
only  preserves  meat,  but  gives  to  it  a  powerful  and  tgrtmitt 
smoked  flavour. 

Pyroxylic  Spirit.  This  name  is  given  to  the  spiritaoTia  Uqul, 
distilled  from  tlie  crude  pyroligneous  aoid  before  ths  Uttar  b 
purified.  It  is  a  mixed  fluid,  the  chief  component  being  hydrataA 
oxide  of  methyle,  which  is  accompanied  by  acetate  of  oxid«  of 
methylo,  unless  it  has  been  rectified  with  quioklim*,  whick 
decomposes  the  latter.  Lignotu  is  the  name  given  to  a  voUtiU 
liquid,  somewhat  resembling  alu-ohol,  observed  in  pyrosylit 
spirit  by  Omelin  and  Liebig.  Its  formula  is  not  aaoartmiaad, 
since  it  does  not,  as  far  as  we  know,  form  definite  oompooria 
from  which  its  equivalent  might  be  deduced.  JTj/JUC*  is  Bnotkar 
similar  volatile  liquid,  which,  according  to  Sohwoitaer,  ia  Co, 
HitO>=2(C.HiO)  +  (CsIIs0>)  =  2Ma0  +  Ae(O>;  MuU  tea 
compound  of  two  eqs.  oxide  of  mcthyle  and  1  eq.  of  a  aeaqjai- 
Metylic  acid,  When  acted  on  by  potash,  it  yields  a  orysteUiw 
salt  Cis  Hit  Or ,  K  0,  while  hydratcd  oxide  of  methyh:  sepaimtast 
An  excess  of  potash  causes  the  formatiun  of  three  p<wloato: 
xjfUtie  naphtha,  C\%  Hn  Oi;  lylitie  oil,  Cn  Hg  0;  and  «yK(M 
r*»in,  Ck  H«  O.    When  distilled  with  sulphuric  acid,   xylit*.  if 

I  moist,  yields  a  new  compound,  a  volatile  liquid,  metiUite,  C*  Ii«Qi . 

I  If  anhydrous,  it  yields  besides  another  compound,  mtlhol,  a  Ims 
Volatile  liquid,  which    api>ears  to   bo  a  carbohydrogen,  C«  Ht; 

iiaomerio  with  Boetyle,  if  it  benot  ihatradieoL     JVmOs  is  aaotkar 
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Dlatile  Gt.herool  liquid  fuund  in  pyrozylio  spirit,  which,  aooording 

I  SohwtitziT,  is  CsUeOii:  isomerio  with  aoetono.     lie  considers 

^t  as  composed  of  oxide  of  luetiiyle  and  oxide  of  aoetylc,  Ct  Ua  0 

+  C*  n>  0  =  Me  0  +  Ac  0.      The  liquid  colled'  Mesite  by 

eiolienbiich  would  appear  to  be   acetate  of  oxide  of  methyle, 

It  0  4-  Ac  Oi,    mixed  with  a  more  highly  carbonised  body, 

pparently  comiwsed  of  Ct«  Hm  Oi».     This  latter  is  n-solTod  by 

^o  action  of  lime  into  3  eqs.    acetio  acid  (Cis  Ha  On ),  and  a 

Dlatile  Uqaid,  Ci.  Hn  0« .     Along  with  the  above,  another  liquid 

j>pvars  tu  occur  in  the  meeite  of  Kcichenbach,  the  comjiositioa  of 

rliich  is  Cii  Hss  Oio.      In  addition   to  all  the  liqui'ls   above 

utioued,  as  occurring  iu  pyroxylic  spirit,  acetone  is  frequently 

Bd. 

Tko  very  great  similarity  in  properties  of  so  many  substances, 

ily,  bydrated  oxide  of  methyle,  acetate  of  oxide  of  methyle, 

ne,  xylite,  mcsite,  and  acetone,  ia  worthy  of  notice.     Most 

these  liquids  have  nearly  the  same  density  and  boiling  point ; 

b«y  ai6  all  inHammable,  and  their  solubility  in  water  is  nearly 

jiiol.     ilence  they  all  occur  mixed,  and  are  with  groat  difficulty 

tted,  so  as  to  obtain  each  in  a  state  of  purity  ;  indeed,  in 

of  tliem  we  cannot  be  sure  that  this  has  yet  been  ocooin- 

lled.     It  is  highly  probable  that,  like  the  two  first,  all  tlie  rest 

be  found  to  be  compounds  of  methyle.     Our  knowledge  on 

liv  subject  is  still  very  limited. 

Tlie  purified  pyroxylic  spirit,  or  hydrated  oxide  of  methyle, 

>  been  already  fully  described,  along  with  its  chief  derivatives. 


S.    VvUuilt  OUg  PnducU,  iniotMiU  or  iparingly  $vlublt  in  (Voter, 

a.  CrKnote  (from  xptas,  flesh,  and  cu(u,  I  preserve).  This  is 
one  of  thu  most  imjKirtout  products  of  the  distillation  of  wood. 
ft  is  found,  {tartly  dissolved,  in  the  pyroligneous  acid,  partly  along 
rith  oUier  oils,  in  the  tar.  When  the  crude  pyroligneous  acid  is 
itorated  at  167*  with  dry  sulphate  of  soda,  an  oil  Beparat«8, 
rhiob  contains  much  ercosote.  In  like  manner,  by  the  rectifi- 
stion  of  tor,  an  oil  of  tar  is  obtained,  the  heavier  {xirtiona  of 
rbich  ountain  a  good  deal  of  creosote,  These  oils  aru  neutralised 
rith  carbonate  of  potash,  and  the  fluid  thus  deprived  of  acid  is 
ed  with  water.  The  distilled  oil  is  acted  on  by  diluted 
borio  acid  to  remove  ammonia,  and,  probably,  traces  of  oily 
,  again  distilled,  and  dissolved  in  aqua  potossic,  Sp,  0,  1-12, 
I  diMolvea  the  creosote,  along  with  portion*  of  other  oil*, 
urates  a  good  deal  of  eupion,  &o.  The  alkaline  solution  is 
low  super«aturatod  with  dilute  sulphuric  acid  (after  luving  been 
in  the  air  till  it  liaa  booomo  dark  brown},  when  the  impur* 
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creosote  Bcparates.  It  is  again  rectified,  and  the  treatmeal  willi 
potash,  boiling,  addition  of  sdphurio  acid,  and  recti Uoiitiijo 
repeated  till  the  rectified  oil  dissolves  entirely  in  wen\  {vitiwK, 
and  tLis  alkaline  solution,  on  being  boiled,  ac'inin^s  only  a  sligi' 
tinge  of  colour.  It  is  then  finally  rectified,  and  is  pure  mhva  tt 
continues  colourless  on  being  kept.  The  tar  of  peat  appwut  to 
be  very  rich  In  creosote,  and  it  also  occurs  in  coal-tar.  Good  tar, 
from  beech  wood,  is  said  to  contain  from  '2fi  to  2i  jwr  ©ent. 

Pure  creosote  is   a   colourless  transparent  liquid,   of  • 
refractiTe  and  dispersive  power,  of  a  tolerably  fluid  but  oUr 
tdstence.     Its  Sp.  G.  is  l'0;n,  according  to  Reiohn  '      '  to- 

ooverer,  and  other  chemists  ;  but  there  is  some  y  mi 

this  point,  Br.  Cliristison  having  alwuys  found  it  as  lujjU  as  1 
and  upwards.  Its  boiling  point  is  397°.  It  gradually " 
coloured  brown  when  kept,  uuless  absolutely  pure.  Creoiwte  h» 
a  very  strong,  peculiar,  persistent  smell  of  smoke,  analugvoa  also 
to  that  i)f  custoreum,  not  fetid,  but  unpleasant  when  concoatnited. 
Its  taste  is  burning,  with  a  sweetish  after-taste.  It  disorgi 
the  skin,  ciiuning  a  white  spot,  where  the  cuticle  soon 
without  iuHummation.  When  applied  to  the  interior  of  the 
and  to  the  tongue  it  smarts  strongly,  whitening  and  diaorgani 
the  cuticle. 

Internally  it  is  a  powerful  poison,  but  in  a  small  dose  uwy  bo 
employed  advantageously  in  some  cases  of  vomiting  and  disalM 
of  the  mucous  membrane.  It  is  given  much  dilut«l  with  wmMr. 
Extemallv,  it  may  be  employed,  either  in  the  form  of  aqoMMi 
solution,  of  ointment,  or  pure,  as  a  styptio,  and  is  a  TaloaUo 
application  to  indolent  ulcers,  and  to  many  chronic  en' 
afl'uctions.  Pure  creosote,  applied  to  the  hollow  of  a 
tooth,  so  as  to  touch  the  exposed  nerve,  instantly  relit 
many  cases,  the  most  violent  toothache.  It  acts  apparNitly 
ooagulating  the  secretions,  and  thus  forming  a  ooTcnag  to  Ibt' 
nervo. 

Creosote  dissolves  in  about  80  or  100  porta  of  WAter,  ad  h 
exceedingly  soluble  in  alcohol  and  in  acetio  acid.  Th««e  aolatiiM 
have  the  smell,  tast«,  and  antiseptic  power  of  the  creosol^. 

Creosote  possesses  a  singular  antiseptic  power.     Finsh  of  aU 
kinds,  if  steeped  for  a  few  hours  in  a  weak  solution  of 
becomes  insusceptible  of  putrefaction :    and   the   ntae  eflkei 
produced  when  the  flesh  is  exjiosed  to  the  rapoor  of 
This  is  the  reason  why  the  smoke  of  wood  poaMMt*  U* 
propertiea ;  smoked  meat  or  fish  is  merely  niMt  or  flah 
haa  absorb«^  the  vapour  of  crc«Mt«  from  the  imoko  in  m 
hMM  hew  suspended.     The  crettsnfo  ap|>ejirs  to  act  on  fli 
ia  Tirtoo  of  its  rsmarkable  (tower  of  coagulating  albumen. 
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pts  for  its  styi>tic  oetion.     Tongues  and  hams  tiiny  be 
effectually  cured  by  immersing  tlicra  for  24  hours  in 
»  aiixtore  of  1  part  of  pure  creosote  and  I  ffO  of  water  or  brine  ; 
and  when  thus  prepared,  they  have  the  delicate  smoked  llavour 
l>sorTed  in  reindeer  tongues,  as  usually  cured  by  smoking. 

Owing  to  the  difficulty  of  obtaining  creosote  quito  pure,  its 
ptupoaition  is  hardly  ascertained  with  certainty.  According  to 
i>eville,  whose  researolies  ore  the  most  recent,  it  may  be  regarded 
hating  the  composition  of  the  alcohol,  so  to  speak,  of  tlio  series 
henzoyle.  His  analyses  lend  to  the  formula  Cn  Uh  ih  = 
•it  Hj  0«,  H  0;  but  I  cannot  ascertain  whether  this  be  the 
brmula  he  adopts.  The  alcohol  ho  speaks  of  would  be  Cu  HsOs, 
od  this,  if  not  creosote,  ia  probably  isomeric  with  it,  as  will  be 
iplained  further  on. 

It  is  particularly  to  be  noticed,  that  there  is  a  very  great 
emblauce  between  creosote  and  carbolic  acid  (or  hydrated  oxide 
fphenyle,  Cu  Il«  0,  H  0),  a  substance  obtained  from  eoal-tar,  and 
Vbioh  will  soon  bo  described.     So  great  is  this  re.«cmblanoe,  that 
[  am  inclined  to  consider  creosote  as  a  somewhat  impure  oarbolio 
'■ciJ,  tlie  impurities  being  substances  homologous  with  carbolic 
acid  ;  or  rather  the  carbolic  acid  is  the  impurity,  in  a  body,  belong- 
ing to  the  same  homologous  sorics ;  and  others  of  the  series  may  be 
prcMnt.  The  taste,  smell,  density  (according  to  some),  boiling  [xiint, 
lubility  iu  water,  &c.,  poisonous  and  antiseptic  action,  of  these 
I  Imdi.-i,  lire  tho  same.     Both  combine  with  alkalies,  forming 
i|o  compounds,   and,   what  is  more   important,  their 
a  in  liMI  |>art8  is  almost  identical.    The  chief  diflercnoes 
«ia  tu  bo,  that  carbolic  acid  may  be  obtained  in  crystals,  M'hioh, 
oweTer,'on  contact  with  the  air,  instantly  liquefy  and  retain  tho 
form,   witliout  any   appreciable  change    of   romposition, 
ently  from  the  efl'ect  of  a  trace  of  moisture.     Also,  the  salts 
olio  acid  with  bases  are  more  easily  formed  and  more  pcr- 
it  than  those  of  creosote.     A  sjilinttr  or  shaving  of  lir  wood, 
|]p]icd  int/>  carbolic  acid,  and  then  into  nitric  or  muriatic  acid, 
roomea  lirst  blue  and  then  brown ;  which  does  not  api>enr  to  bo 
ca!>e  with  creosote.     But  Ijiurent  has  recently  shown,  thot 
otfl,  when  acted  on  by  a  mixture  of  hydroo.hlorio  acid  and 
klonto  of  potash,  yields  abundanoe  of  ohlorauile,  a  oliaractor  in 
liich  it  agrees  with  carbolic  acid.     Huth  substanois  also  yield 
itropiorio  acid,  when  acted  on  by  nitric  acid,  although  in  the 
creosote   this   acid  is  accompanied   by   others  not  yet 
These  rejiults  I  have   myself  also  obtained  ;  and  it 
[  appear,  that  if  creosote  be  not  oarl>olio  acid,  oontflminat«d 
with  somo  fon-ign  matter,  these  two  bodies  are  at  least  closely 
oeoBCOted,  and  belong  apparently  to  tho  same  series,  which  i« 
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either  that  of  benzoyle  or  that  of  phenyle.  It  is  not  im[ 
that  creosote  may  be  a  definite  compound  of  rarbolic  acid  vitk 
some  snbstanoe  of  cloEcly  allied  composition,  but  of  basic  propettiML 
The  recent  investigations  of  Oorup-Besanez  hare  thrown  MnM 
light  on  this  subject.  Commercial  creosote  is  rarely  Boythiogebu 
than  cflrbolio  ucid,  which  so  maoh  n<sembles  it.  Bat  gentiin* 
creosote  does  not  yield  with  hydrochloric  it«id  and  ohlonto  of 
potash,  ohloranile,  but  a  body  somewhat  resembling  it,  th*  fomola 
of  which,  according  to  Oorup-Besanc2,  is  Cm  n>  ClaOt.  0«r1 
suggests  the  much  more  probable  fonnuUi  Cio  HiC'UOi, 
malces  the  compound  homologous  with  chloranile,  Cn  CI.  O, 
the  latter,  no  hydrogen  is  left,  because  the  whole  4  e<j.  hn-'  f»~ 
plooed  by  clilorino,  in  forming  it  from  quinone  (kin 
We  may  therefore  suppose  that,  as  chloranile  is  q>  1 

quinone,  so  the  chlorine  compound  from  creosote  i- 
body  Ci(i  n«  0« ,  homologous  with  quinone.     And  i 

also  to  be  obtained  from  oorbolic  or  phcnylio  acid,  (Jn  Ht  Ot,  "> 
we  may  conceive  the  chlorine  compound  from  crco«it« 
derivable  also  from  the  body  Cm  Hio  Oj,  homologoi 
carbolic  acid.  Now  creosote  may  perha^M  be  the  body  Ci» 
homologous  with  quinone;  or  it  may  be  the  body  Cw  UioOi, 
homologous  with  carbolic  acid.  Its  great  resembliuioe  t»  cortMlit 
acid  renders  the  latter  the  more  prolnibla  view,  and  it  also  Hgnc* 
much  better  with  the  analyses  of  creosote,  which  have  led  tom*  to 
adopt  the  formula  Ci<  Hs  Oa;  but  these  analyses  are  aot  foi- 
flciently  accordant  to  decide  between  Ci«  H»  Oi  andCia  UwOi, 
both  of  which,  be  it  observed,  are  homologous  with  coriiulie  f^^, 
It  is  probable  that  l>oth  compounds  exist,  and  that  thor  r««HnbU 
each  other  as  well  as  carbolic  acid,  lliis  reminds  ns  of  tba 
bomologues  of  nicotine  in  tobacco,  and  of  norootiiie  in  oniim ;  aad 
leads  to  tlie  notion  of  the  following  series : — 


Jill''  .1     •  ru-H 

Ell.  .:,^:d 

AmyloouLulic  acid    . 


Ci<  Hi  Oi 
C.  H>  O. 
Cie  Hia  Ot 
C>i  Hi*  Oi 


-  The  second  and  third  acids  would,  of  oo\irse,  be  Tcrr  tit 
iaoh  other  and  to  curbolio  acid,  and  would,  in  fact,  bo  tw«  | 
nctds  represented  in  the  7th  line  of  the  tuble,  p.  141.  PrglialihriA 
the«e  acids  are  cnosotes,  and  the  three  tlr«t  uf  tln'fA  nboroiuaMd 
probably  occur    all    togetlier,    in    variable  ;l»,   ia   tbs 

creosote  of  commerce,  even  if  none  of  those  v,  the  aeala^ 

Ci«  liii  Oi,  CjD  Hu  ()»,  or  Cm  Hi«  Ot,  should  aocom|>any  tliaBl« 
which  ia  uut  probable.      Tho  fact  that  oreoMt«  ha«  tii* 
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cluinoter,  aa  well  as  the  smell  of  carbolic  acid,  is  favourable  to 
this  view ;  but  we  must  not  forget,  tbat  tbere  is  another  scries  of 
homologuos,  in  a  certain  sense,  of  oarbolic  acid ;  namely,  carbolate 
of  metbyle  or  pbenometole,  carboUite  of  ethyle  or  phenctole,  and 
earbolate  of  amyle  or  phenamjiole,  already  mentioned,  having  the 
WUBO  formulas,  empirically,  as  our  supposed  methylocarbolic, 
ethylocorbolic,  and  omylocarbolio  acids.  These,  however,  pheno- 
metole,  &c.,  are  ncatrol  ethers,  and  not  acids. 

There  is  still  another  scries,  homologoni  with  oarbolio  acid, 
empirically,  the  first  of  which  is  benzoic  alcohol,  Cit  IT«  Ot. 
The  ouminic  alcohol  is  also  known,  its  formula  being  Cis  Hii  Oi. 
ThcM  are  oils,  quite  distinct  from  the  creosotes,  as  well  as  from 
the  aeriea  Ust  named.  In  all  these  series  metbyle,  ethylc,  &e., 
are  subaitituted  for  hydrogen ;  but  sometimes  for  part  of  the 
hydrogen  in  the  acid  radical ;  at  other  times,  for  the  hydrogen  of 
the  water  combined  with  that  radical,  or  for  part  of  the  hydrogen 
in  the  basic  substance  combined  with  the  acid. 

Such  is  the  view  we  are  disposed  to  take  of  the  real  nature  of 
orcoaote,  by  which  the  creosote  of  commerce  will  be  a  mixture  of 
MToral  homologous  acids,  carbolic  acid  being  the  first. 

Creosote  dissolves  many  organic  substances,  such  as  indij^, 
oniphor,  &ts,  essential  oils,  and  resins,  and  undergoes  numerous 
■Juagea  fay  the  action  of  acids,  alkalies,  nnd  other  rea^nls,  such 
M  ohlorine,  potassium,  and  others.  With  oil  of  vitriol  it  is 
odbnired  pur^ile,  and  appears  to  form  a  coupled  acid,  ^'one  of 
tbeae  reactions  or  products  hare  been  properly  investigated, 
nnd  we  shall,  therefore,  not  confuse  the  reader  by  a  description 
in,  mure  especially  as  the  composition  of  oreoeote  itself  is 

U.il. 

b,  Vkaniar  b  the  nam«  given  by  Ueichenbaoh  to  another  oil 
iTcred  by  him  along  with  creosote  in  the  heavy  oil  of  tar.     It 

puritied  by  a  tedious  {iroocss,  by  the  aid  of  potash,  with  which 
forms  a  crystalline  comi>oand.  When  pure,  it  is  a  colourless 
ofl,  of  Sp.  O.  I'lO,  of  a  burning  and  very  bitter  taste  (hence  its 
luune  from  i>ir  and  amarua),  and  a  slight  smell.  It  boils  at 
•boat  &\(f.  It  combines  with  alkalies,  forming  orystollisablo 
salts,  and  may  therefore  be  viewed  as  an  acid  in  some  sense, 
although  it  is  quite  neutral  to  test  pai>or.  Its  composition  ia 
nnluiown.  As  it  is  a  feeble  acid,  it  may  be,  as  we  have  supposed 
OTMSOte  to  be,  a  homologue  of  carbolic  acid,  ond  one  of  those  high 
in  tlw  Nale,  possibly  amylocarbolic  acid,  C»  His  Oi. 

c.  CapHomor  (fmm  K«ri'A«,  smoke,  and  M<«f»,  port)  is  another 
oO  diaooTcred  by  Kcichcnbaeh,  in  the  iieavy  oil  of  tar,  along  with 
cnoaot*  and  pioamor.  When  the  creosote  is  puritied  by  a  solution 
of  weak  potash,  the  oil  left  nndiasolved  contains  a  good  deal  oC 


46  S 


KUPIOS. — PAEAFFlXr. 


capnoraor,  wliich  is  imrified  by  a  tedious  jiroccB*.     It  i=  a  limp 
colourless  oil,  of  a  high  rt-fracting  power,  with  an  aromatic  o'lou 
of  ginger,  and  a  somewhat  styptic   aft^r-lnste.       Ita   Sp.  0.  ' 
0-9775 ;  it  is  (juito  neutral,  and  boils  at  3Gj'.     With  »ttlpbufij| 
acid  it  is  coloured  red,  and  yields  a  oouplryl  ooid.     Xitr 
converts  it  into  oxalic  acid,  nitropicrio  acid,  and  aootiier  i 
line  substance  not  yet  examined. 

(/.  £u])ion  (from  «i,  fine,  and  rAr,  oil  or  fat)  U  a  foorlh  oQ^I 
liquid  discovered   by   Keichenbach  in   oil  of  tAr.     n«{ng  nan 
Tolatile  than  the  rest,  it  is  purified  ehieily  by  rectiiication.  WIkw 
pure  it  is  colourless,  very  Jluid,  not  greasy  to  Iho  feel,  but  In* 
soft  than  water,  tasteless,  and  of  a  somewhat  ogroealile  odour,, 
like  that  of  some  flowers,  such  as  niireis»u».     Ita  Sp.  O,  U  0-T4fl 
and  Ueichenbach  states  that  he  has  even  obtained  it  »o  low 
0-633,  being  the  lightest  known  liquid.     It  is  volatilo,  boiling  «t] 
117°  or  lower.     It  ia  in  tho  highest  degree  indiflcrent,  ruisti 
the  notion  of  the  strongest  acids  and  alkalies.     In  fact,  at  it 
prepared  from  the  oil  of  tar  by  rectification  and  the 
potash,  sulpl.uric  and  nilrio  acids,  alternately  on  the  \ 
it  is  evident  that  it  must  resist  these  agents.  There  is  good  I 
to  believe  that  several,  even  many,  different  liquids  haT« 
described  under  this  name,  and  that  most  of  these  are  not  feadr- 
formed  in  the  tar,  but  products  of  the  action  of  acids.  Ao.,  an  m 
oil  of  tar.     llcichenbach,  however,  by  simple  recti  '  f  tii* 

oil  obtained  by  distilling  rape  oil,  obtained  a  li'i  .;  t^ 

characters  of  cupion.  Ho  much  is  certain,  that  cdmilax  iu^u 
formed  by  tl.o  action  of  oil  of  vitriol  on  oil  of  tar.  The  wb 
the  liquids  called  e\ipion  aro  carbohydrogens,  and  their  fommll 
is  eithc  r  C  H,  or  some  multiple  of  tliis,  or  else  one  nearly  app 
ing  to  snch  a  maltiplo,  as  do  ITn,  &c.  It  is  very  remarkabh 
some  of  them  are  very  volatile,  while  others,  apparently  i 
same  composition,  require  a  strong  heat,  from  400"  to  mXT 
example,  to  boil  tliem.  This,  however,  is  just  what  we  miKht ' 
antioipate  in  a  series,  or  a  mixture  of  two  leriM  of  bomologmu 
oompounds.  Indeed,  the  most  recent  resoarcKei  indicatu  that  lii« 
name  eupion  includes  many  of  the  lower  members  of  a  bamol«go«i 
series  of  carbohydrogens,  possibly  the  hydnreta  of  th*  MetjfUo 
seiies  of  radicals,  possibly  olao  hydnreta  of  th«  cthylio  or  «lMtl«- 
positive  radicals. 

The  purest  varieties  of  eupion  bum  with  the  aid  of  a  wic 
yielding  a  very  brilliant,  luminous  white  tlamo,  £r«e  tram  i 
and  may  horenfter  be  turned  to  account. 

S.  Sulid  PrtiJucU  o/  tit  £>i4rilltUion  »/  Wtud. 

a.  Pfirnffiut.   Thii  name  it  given  (from  ^wtmih  ad 
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I  are  feeble)  to  a  white  solid  rolatQc  substaDce 

,  diaoovercd  by  Ileichonbach  in  ta.r.    It  occurs 

fbe  last  [lortiuns  of  tbe  rectilication  of  the  tar,  which  ore  semi- 

Liliil.     It  ia  squeezed  out,  and  purilied  by  one  or  two  crystallisa- 

jons  in  ether,  which  dissolves  it  when  boiling,  and  deposits  it  on 

oliog  in  beautiful  silvery  scales.     These,  when  melted,  assume, 

»u  cooling,  the  aspect  of  pure  white  wax. 

Parafilae  exists  in  large  pro])ortion  in  the  Rangoon  petroleum, 

id  some  other  bituminous  mineral  product*.     It  is  formed  in 

I  quantity  in  the  distillation  of  wax  and  of  peat.     It  melts  at 

",  and  distils  unchanged  at  a  high  temperature.     Its  Sj).  0,  is 

70.     It  bums,  in  a  wick,  with  a  beautiful  clear  white  light, 

Ifree  from  smoke,  fully  c<|ual  to  thiit  of  the  iine&t  wax,  if  not 

Rupcrior  to  it.     Like  eupion,  it  is  highly  indiii'erent,  and  it  is,  like 

eupion,  a  carbohydrogen,  containing  either  C  U,  or  some  multiple 

'  it,  or  a  near  approach  to  such  a  multiple.     According  to  Lewy . 

.  i«  Ct'  II«,  or  rather  Ckp  H«i  ;  but  there  is  reason  to  believe  that 

'  compounds  have  been  confounded  under  the  name  of  paraf- 

I  and  that  it  includes  aU  the  higher  members  of  the  series, 

I  H*  (•  being  2  or  4,  U,  8,  10,  &c.},  which  are  derived  from  the 

)  (C«  Hb  )  a  O4 ,  and  of  which  several  have  boon  described,  as 

ethylene,  ethylene,  propylene,  butylene,   &c,,  and  which  are 

tUjr  the  hydurets  of  the  radicals  of  these  acids.     Under  the 

paruffino  may  also  be  included  the  higher  members  of 

CiiIIb+«,  the  hydurets  of  the  ethylic  or  eleotro- 

['{■ositive  radicals.     Lrodio  gives  reasons  for  thinking  tliat  the 

IjMUtLfHne  of  wax  contains  the  two  compounds  C»*  II»»  and  tVi  lloo, 

[the  foruiur  derived  from  oerotic,  the  latter  from  melissio   acid. 

I  is  also  reason  to  believe  that  the  compounds  Cm  Hm  and 

I«t  occur  in  what  is  called  paniUlne,  along  with  others  of  the 

I  ■<'riet,  lower  in  the  scale,  such  as  that  analysed  by  Lewy, 

I  which  is  either  Cso  IIm,   Cw  Hn,   Cto  Uto,  or  Cw  Hu.     It  is 

acted  on  by   chlorine  with  the  aid  of  heat,   but  the  reaction 

>j  not  yet  studied.     The  strongest  acids  and  alkalies  do  not  act 

on  it  even  with  tbe  aid  of  heat,  if  we  except  fuming  aulphurio 

acid. 

By  the  distillation  of  the  most  bituminous  kinds  of  connol  coal, 
toch  as  the  Itoghead  canuol  coal,  or  Turbauehili  mineral,  as  it  has 
been  coiled  (which,  so  far  as  I  can  judge,  apiK'ors  to  bu  a  true 
oannel  oual,  containing  a  larger  pro|)ortion  of  the  bituminous  coQ- 
I  (titueut  (if  coal,  and  consequently  a  larger  proixjrtiou  of  hydrogen, 
I  Uuiu  a>\f  other),  Uiere  is  obttiiued,  especially  when  as  moderate 
■ible  is  employed,  a  very  large  proportion  of  oils, 
ne  solid  corbohydrogens.  Ity  reclitioiition  there 
[tnaj  bu  obtained  oils  which  arc  as  volatile  aa  camphiae  or  nearly 
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so ;  then,  ofla  which  nro  le«s  roIatUe,  but  do  not  depot: 
urystals,  even  in  oold  weather,  and  lastly,  oil«,  still  lewt  vo 
whioh  in  oold  weather  deposit  crystals,  and  lastly,  such  M  n» 
solid  or  semisolid  at  the  ordinary  temperature. 

The  less  volatile  liquid  oils  of  this  process  are  sent  into  eon- 
meroe  as  paraifine  oil,  and  they  are  no  doubt  homol«)(«ut  with 
paraffine,  whatever  may  be  the  true  formula  of  that  suNitMUM^  W 
rather  series  of  substances.  Paraffine  oil  is  fluid,  bat  not  too 
volatile,  and  it  is  not  oxidised  nor  thickened  by  exposure  to  air. 
It  is  therefore  most  valuable  for  oiling  maehinery,  and  all  the  Iwgv 
quantity  of  it  mode  is  instantly  purchased  for  this  importaat  VH. 
tNlieu  thus  used,  it  slowly  evaporates.  The  more  TolatOa  |Nr> 
tions,  which  would  evaporate  too  fast  to  be  used  in  madunoT, 
may  be  used  in  lamp»  as  camphine,  and  ore  probably  a  mixtnrt  it 
eamphine  and  oils  homologous  with  it. 

All  these  substances  have  the  same  or  rery  nearly  the  MB* 
oom position  in  100  parts,  and  do  not  differ  in  any  case*  niore  thaa 
homologous  oompoiinds  do.  Tn  the  scries  €■  H> ,  all  hare  tlw 
same  composition ;  in  the  series  Co  H*  -t-  • ,  the  lower  aoMBbcn 
differ  somewhat  from  the  higher,  but  the  higher  oome  Tery  nwr 
to  those  of  the  other  series,  as  well  oa  to  each  other.  Saoh  b  a 
general  view  of  what  is  known  oonoeming  eupions,  poraiBnet,  aad 
paraffine  oils.  It  will  be  seon  that  the  gaseous,  liquid,  and  t«iid 
products  of  the  distillation  of  wood  or  the  bituminoaa  BMttarof 
coal,  derived  from  woody  matter  or  cellulose,  paaa  inte  «M 
another  by  insensible  gradations,  and  that  the  oarbohydrafCBl 
thus  formed  ore  oatauishingly  numerous,  but  all  puasew  analagooi 
properties. 

b.  Cvdrirei.  This  is  another  compound  disooTovd  bj  Roilhwi 
bttoh  in  oil  of  t«r.  When  impure  ereosote  is  diasolred  in  | 
and  arctic  acid  added,  an  oil  sepaiates,  which  «on tains  til* i 
and  other  oils ;  but  a  certain  quantity  of  uily  matter 
dissolved  in  the  acetate  of  potash.  This  is  distilled,  ustil  < 
passes  over  causes  a  red  precipitate  in  a  solution  of  tnlpliats  of 
iron.  It  is  then  o<>llect«d  separately,  being  pure  oedrirri.  It  i* 
a  volatile  solid,  which  crystallises  in  u  solution  of  sulphate  of  ins, 
forming  a  net-work  of  orange-red  crystals,  whioh  diaaolve  in  oil 
uf  vitriol  with  a  blue  colour.  Uuob  of  the  colour  of  oil  of  tar 
is  probably  owing  to  this  subctonoe. 

e.  Piftuml.  This  is  yet  another  compound  obtained  bjr  BtMl- 
enbaoh  from  the  hvavy  oil  of  tar.  Wlieu  the  hoavieet  portioM  tl* 
nearly  neutralised  by  potash,  the  addition  of  barytio  wntor  gm* 
rise  to  u  dtfcp  bine  colour.  This  belongs  to  ptttaool,  but  thr>  tooda 
nf  its  purification  is  not  yet  published.  When  par«.  it  is  a  sobd, 
like  indigo,  of  a  very  dne  deep  blue  ooloor,  exhibiting  on  Ibe 
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t  jnrfooe  the  aspect  of  gold.  It  admits  of  being  fixed  on 
_  1  would  make  a  valuable  dye-stuff.  Its  composition  ia 
vnkBOWn,  bat  it  appears  to  contain  nitrogen.  Its  name  is  derived 
from  rirra,  pitch,  and  xoAof,  beautiful.  It  is  a  compound  of  very 
great  interest,  although  most  probably  a  product  of  decomposition 
of  the  oil  of  tar,  and  not  ready  formed  in  it.  It  is  very  desirable 
',  it  ahould  be  further  investigated. 
The  recent  eiperimenta  of  Grcville  Williams  on  the  salts  of 
hyloquinoltne,  alluded  to  under  the  volatile  artificial  bases, 
;gest  the  idea  that  the  beautiful  blue  compound,  with  golden 
tnrboe,  obtained  by  him,  may  be  identical  or  homologous  with 
pittacal.  The  blue  oompounxl  of  Williams  seems  to  be  basic, 
and  contains  nitrogen.  It  is  therefore  possible  that  pittacal  may 
^^e  derived  from  qoinoline  existing  in  the  oil  of  tar  used  by 
^^■leichenbacb,  although  it  has  not  yet  been  shown  to  exist  in 
^^bood  tor.  Cut  wood,  though  it  contains  little  nitrogen,  must 
^Hontain  some,  and  therefore  basic  oils  are  to  bo  looked  for  in 
^^rood  tar. 

'  d.  Pijroxanthine.     This  is   a  volatile  crystaUine  solid,  first 

obaerred  by  Soanlan  in  the  crude  pyroligneoua  spirit.  When  this 
is  rectified  with  lime,  the  lime  becomes  dark-brown ;  and  when 
thii  eoloured  mass  ia  acted  on  by  hydrochloric  acid,  there  is  left 
Uadiaaolved  a  dark-bronTk  matter,  which  is  a  mixture  of  pyroxan- 
tKine  and  a  resinous  matter.  The  moss  is  boiled  with  hot  alcohol, 
arliiali,  on  cooling,  deposits  the  p3rroxanthlne  in  crystals,  which 
ifled  by  recrystallisation.     They  are  of  an  intense  yellow 

,  fusible,  and  volatile  in  a  current  of  air,  or  with  the  vapour 

r  otiier  substances,  but  partly  decomposed  when  heated  alone  in 
tube.  Pyroxanthiue  dissolves  in  sulphuric  acid  with  a  deep 
ih-red,  and  in  strong  hydrochloric  acid  with  a  splendid  purple 
r,  which  soon  passes  to  dork-brown.  I  found  its  composition 
I  be  very  nearly  C«i  Ha  Ot ;  but  as  it  forms  no  definite  compounds, 
t«ou}d  not  control  the  analysis. 
Such  arc  tJio  chief  products  of  the  distillation  of  wood,  as  far 
I  they  are  yet  known.  Their  importance  is  very  great,  and  will 
b«  still  greater  when  they  shall  have  been  better  studied,  aa 
most  of  them  will  admit  of  nseful  applications.  But  no  doubt 
I  oan  be  entertained  that  the  above  numerous  list  ia  far  from  being 
L^omplete,  and  that  more  compounda  remain  to  be  discovered  in 
^Hlr.  Indeed,  several  or  most  of  the  carbohydrogeus  obaracteria- 
^^mg  coal-tar  occur  also,  although  in  smaller  quantity,  in  wood- 
tar.  Such  snbstonoes  aro  naphthaline,  authraoene,  and  othors. 
It  ia  to  be  borne  in  mind  that  the  composition  of  wood-tar  varies, 
tooonling  to  the  kind  of  wood,  the  preaenoo  or  absence  of  oily  or 
rHOiunu  Bobatanoes,  the  comparative  abundance  of  nitroganiaed 
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matter,  and  finally  the  temperature  at  which  the  distillatioii  i* 
carried  on. 

U'omI,  coal,  and  bvown  coal  or  llgnitt,  yield,  whon  ^irtilhnij 
an  oil  of  the  consistence  of  butt«r,  in  which  creosote,  prnflllTt 
pomfiine  oib,  and  eupioD,  are  found,  along  with  other 
not  yet  examined. 


PK0DCCT8  or  THE  BISTILUITIOX  Ot  00'.: 

Coal  differs  from  wood  in  several  points,  although  it  is  unquet- 
tionably  derived  from  the  decay,  under  presiure,  of  woudy  fibre 
and  the  other  substftnces  which  make  up  the  moas  of  th«  •ori; 
vegetation  of  whicl>  uur  coal-beds  are  the  remains.  Coal,  whcB 
examined  by  the  microscoi>e,  is  found  to  be  a  mixture,  ia  which 
we  can  generally  detect  the  remains  of  vegetable  cells  and  tmmbU. 
But  the  cellulose  Los  been  converted  into  a  peculiar  subataOM, 
wliich  contains  very  little  oxygen,  and  is  dork  in  vaaat,  but  is 
thin  slices  yellow.  It  is  easily  melted  and  barns  with  much 
luminous  flame,  and  by  its  melting,  oausco  the  caking  of  ooaL 
Some  kinds  of  coal  have  been  so  for  altered  that  none  of  this 
matter  is  present,  and  the  ooal  burns,  like  ookr,  without  tUoM^ 
that  is,  witbout  tlie  yellow  flame  of  oual  or  ooal  gas.  Sach  mm] 
is  called  anthracite  or  blind  coal.  Ordiiuiry  coal  coulaios  man 
or  leiis  of  the  yellow  fusible  matter,  which  ia  called  bttumimins, 
but  ia  quite  difl'ereut  from  natural  bitumen,  fur  the  latter  dis> 
Solves  easily  in  ether,  naphtha,  or  oil  of  turpentine,  which  liarv 
so  solvent  action  on  the  yellow  substance  of  cool.  In  conad 
i-ooal,  this  yellow  matter  predominates,  so  that  such  coal  tokea  tt* 
at  a  candle  and  burns  with  much  flams  and  light.  It  olao  rieUs 
the  most  and  by  far  the  best  gas.  The  best  connel  cuol  is  tlut  of 
lioi;head,  or  tliat  of  Torbanehill,  which  are  from  the  sanw  bed. 
and  which  conttin  more  of  the  ycUow  or  bituminous  matter,  sad 
fewer  remains  of  woody  cells,  than  any  other  kind.  This  ooal  u 
much  prized  as  a  gat  coal,  and  also  as  yielding  poraffine  oil,  whtt 
distilled  at  a  moderate  heat,  as  has  been  explained  under  panf- 
fine.  All  coals,  between  antliraoite  and  the  Uughead  connel  Mwl, 
are  mixtures,  of  the  yellow  matter  with  more  or  loss  of  coke,  or  a 
•ubstuuco  closely  resembling  it,  which  in  anthracite  is  oaarly 
purt'.  In  the  Uogboad  coal,  on  the  contrary,  the  fusible  matte 
predominates  entirely,  while  the  cuke  is  nbsent  or  ni  irK  ..^  tad 
woody  cells  are  rare,   apparently  because  the  ve;.'.  '.VK 

whioU  yielded  that  coal  was  either  not  wood,  or  wi>.-.  -....  v.ibar 
vegetable  tissues  first  reduced  to  a  pulp.  The  rouodud  mass**  of 
the  yellow  matter  seen  in  the  Uoghead  cual  under  (he  WMiMoaM 
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miposed  to  derive  their  form  from  cells  which  hnd  existed, 
aoiuit  of  a«h  or  earthy  matter  iu  ouals  varies  from  It  or  4 
'  ceut.  to  30  or  40  per  cent. ;  because  oluy  and  sand  have  ufttin 
been  mixed  with  the  vegetable  matters  in  the  process  of  carbo- 
on,  to  n  greater  or  less  extent,  by  the  action  of  water. 
:  ooutains  much  less  water,  aad  a  much  larger  per-ceatoge 
^ih  of  carbon  and  nitrogen,  thou  wood.  Hence  il  is  decomposed 
at  a  higher  temperature,  and  yields  much  ammonia,  cyanogen, 
Eod  other  nitrogenised  products.  We  shuU  not  here  dwell  on 
ammonia  and  cyanogen,  further  than  to  mention  that  oat  of  the 
aqueous  products  of  the  coal  gas-works  large  quantities  of  ammonia 
^  ore  obtained ;  and  that  so  much  hydrocyanic  acid  is  also  present, 
that  a  patent  was  taken  out  some  years  since  fur  the  preparation 
of  Prussian  blue  from  the  gas  liquor.  We  proooed  to  dusuribe  the 
thief  ingredients  of  coal-tar. 

a.  Carbolic  Acid.  Sytj.  Hydrate  J  Oxide  of  Phcni/le.  Cn  n»  0, 
O.  This  remarkable  acid  is  found  in  that  portion  of  the  oil  of 
1-tar  which  boils  between  300°  and  400'.  This  is  agitated 
kith  twice  its  volume  of  potash  ley,  and  the  oqucotis  solution,  on 
be  addition  of  an  uoid,  yields  hydrated  carbolic  acid  (impure)  aa 
.  bea\-y  oil.  It  is  purified  by  rectldcation  with  a  very  little  solid 
otush. 
AVTicn  pure,  carbolic  acid  generally  appears  as  on  oily  liquid, 
oluurless,  and  of  a  high  refracting  power,  neutral  to  tet>t  paper, 
Df  Sp.  G.  1'062  to  1-0136.  It  has  a  burning  taste,  and  the  odour 
of  creosote,  to  which  it  has  a  very  great  resemblance.  In  certain 
rcomstanccs  it  forms  long,  needle-shaped  crystals,  which  very 
cadily  lose  the  solid  form  by  exiH>sure  to  the  atmosphere,  and 
vliiuh  also  liquefy  in  sealed  tubes,  without  any  obvious  cause, 
[crystak  melt  at  04',  and  boil  at  UUS''.    The  extraordinary 

ablauce  between  caibolic  acid  and  creosote  has  been  noticed 

■bore ;  and  there  can  be  little  doubt  that,  if  not  essentially  the 
nine,  they  are  closely  connected  and  belong  to  the  some  scries,  or 
are  homologous  oomiwuuds.  Indeed,  Stadeler  has  extracted  from 
^the  nriiio  of  tlie  cow  not  only  eorbolio  acid,  but  also  on  acid 
"bomologous  with  it,  which  he  calls  taurylic  acid,  Cu  Il»  Oj. 
is  probable  that  this  acid  will  prove  to  be  identical  with 

.•{ilinterof  pine-wood,  if  dipped,  first  in  carbolic  acid,  anl 
lien  iu  moderately  strong  uitrio  acid,  becomes  of  a  deep  blue>, 
rhich  soon  passes  into  brown. 

According  to  Laurent,  carbollo  add  is  the  hydrale<l  oxide  of 
(ihvnyle,  Ci«  lin,  and  its  formula  is  (Cii  11>)  0,  li  0.  Tliis  radical, 
phenyle,  give*  rise  to  a  series  of  derived  oom^iouuda  which  may 
Eire6eut«d  as  follows : — 
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Bytlrele  of  Fbenyle,   or  Curliolio  Aod    Cu       Hi,  0       -^  HO 
fSulj.bac.rU.Uo     Add      (Sulphopheaic  1  j,,,        g,       ©,  H0-»-«80. 

CltioropfaeDcsic  Acid  .        .        .        ■     ^"  |  nit  >  0,  H  0 

CUorapbeouric    Acid,    identical    vith  l  ^  „  . 

the    Cbloriiidupt«oio     Acid      ofl^Cu  ■{  X,*  l^O,  HO 

Erdmaun      .         .         .        .     J  ^^*  J 

Cklaropb«nusio      Add,      CUorinisedl  - 
Chlorindoptenio    Acid    of    Krd-  >• 

"""^n J  rn, 

Bromopheaiaic  Acid  ....     Cu    <  w, 

NittvpbeneBio  Acid  .     .    Ou    -j  „  „  q     '  U,  H  O 

Nitropheniaio     Acid,     identic&l     with  \  „        fUt         I  n    u  n 
Nitropicric  Acid  .  .  J"  _"  J.  3  N  0.  J  "'  **  " 

Fheuylamide  (Aniline)  .        . 

Thus  the  carbolic  aoid  u  oonnectcd  with  the  derivktivM  of 
indigo,  of  salicj-le,  and  other  bodies,  which  yield  nitropicria  uU. 
This  connection  is  also  shown  in  the  fonnstion  of  ehloranile, 
from  oarbolio  add,  by  the  action  of  chlorute  of  potaab  and 
hydrochloric  aoid.  (See,  under  Indiffu,  the  furmation  of  oblanafl* 
fi\im  aniline.)  It  is  also  shown,  by  the  fact,  that  salicylic  mM, 
Cu  H«  0«,  when  distilled  alone,  with  lime,  or  with  pooodtd 
glass,  is  resolved  into  carbonic  aoid,  2  C  Oi,  and  oarbolio  and, 
Cit  Hs  Oi .  The  action  of  carbolic  acid,  on  organic  componadi, 
is  the  same  as  that  of  creosote.  Thus  it  dissolves  indigo,  fa; 
and  coagulates  albumen,  preventing  the  putrefaction  of  aniail 
substancvs, 

With  bases,  it  forms  salts,  some  of  which  erystallise,  but  wideli 
retain  on  alkaline  leaolion.  With  oil  of  vitriol,  it  yields  a  oooplMl 
aoid,  sulphocarbolio,  or  solphophcnio  acid,  which  forms  a  aolsbll 
salt  \nth  baryta. 

The  furmuliL-  in  the  above  table  illustrate  the  formation,  by  lob- 
stitution,  of  theolilorophenedo,ohlorophenisio,  and  ohloropheBOiSt^ 
of  the  nitrophenesio  and  nitropbenisio  acids.  It  is  not  neoemuj 
here  to  do  more  than  point  out  their  relation  to  carbolic  aoid  UM 
phunyle.  Thcohlorobensideof  Mitscherlich,C'ii  Ua  CU  is,  aooording 

fo  Laurent,  hydroohlorate  of  chlorophonise,  3  H  CI  +  Cu   i  ^  • 

This  last  body,  ohlorophcnisc,  which  is  obtained  by  the  aotioB  of 
potash  on  chlorobenzide,  would  appear  to  bo  derived  by  Mlb- 
atitntion,  not  from  phenyle  Cu  Ht,  but  firom  beiuola  CuH*: 

I  Hs' 

although  it  may  bo  derived  also  from  oxide  of  phenyl*,  Cii  I  q  ' 

as  may  benzole  itself.     Chlorophoniiw  o&nnot  be  obt*i&ed  dirteUy 
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from  hydrate  of  phenyle,  or  its  derivativB*:  but,  on  the  otht-r 
hand,  the  Eieries  of  benzole  has  an  obyiooa  relation  to  that  of 
phenyle.  In  fact,  Laurent  considers  benzole  as  in  some  measure 
the  fundamental  compound,  or  nnclens,  and  calls  it  phene  ^ 
Ci*  Hs .  It  is  probably  rather  the  hydoret  of  phenyle,  Cu  Ha 
H,=Ci.  H.. 

It  has  already  been  stated  that  nitMphenisio  acid  b  identical 
with  nitropicric  acid.  Nitrophenesic  acid  is  somewhat  similar, 
and  forms  salts  which  orystaliiae  with  facility,  and  detonate  when 
heated.  The  nitrophenesate  of  baryta  is  a  beautiful  salt,  like  bi- 
chromate of  itotosh. 

Oxyphenic  Add.  Srx.  Pi/roeaUchine.  Pyromorintannie  Acid. 
Ci»  n»  0« .  This  acid  is  formed  in  the  destructive  distillation  of 
catechu,  or  of  morintannic  acid,  as  well  as  in  that  of  gum-ammo- 
uiac  and  penocdanine.  It  is  crystalline,  soluble  in  water,  and 
haa  a  siuell  like  that  of  carbolic  acid,  from  which  it  diflbis 
only  by  2  cq.  of  oxygen.    It  is  also  volatile. 

By  the  action  of  chlorine  it  is  converted  into  ohloroxyphenio 

TT        J 

or  chloroniceio  acid,  Ci>  r^  |  0« .    This  acid  is  best  obtained  by 

f  the  action  of  olUorine  on  a  solution  of  benzoate  of  potash.    It 
fenos  null  oiystali,  g;ronped  in  radiate  masses,    With  nitiio 

H.      1 
Mid  it  yield*  nltroohloronioeio  a«id,  Cu  CI      >  0« ,  along  with 

NO.  ) 

an  acid,  which  is  citraconio  acid,  in  which  1  eq.  of  hydrogen  is 
replaced  by  chlorine,  and  another  by  N  0«. 

By  tlie  action  of  heat  on  chloronioeic  acid,  there  is  formed  a 
ewbiihydrogt-n,  p.iraniccue  =  C»  Hu  ,  which  is  a  yellow,  orj's- 
f  tnlline,  volatUo  solid.  Nitric  acid  converts  it  into  nitroparanioene, 
II»    ) 
N  0»  }  • 

Along  with  paranicene  there  is  formed  a  liquid,  which  is  bichlo- 
'°      '    Nitric  acid  converts  this  into  a  new  oom- 
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niuoe&e,  Ck.  q'"    j " 


peoad,  Cm  2  N  0* 

01. 
When  the  two  nitro  compounds  last  named  arc  act<jd  on  by 
I  mljjburot  of  ammonium,  they  yield  two  bases  ;  jmranicine,  firom 
ieene,  which  is  Cto  H»  M,  forming  white  flocks,  soluble  in 
;  and  chlorouioine,  Cm  IIii  Cli  N.    Both  these  bases  form 
kUino  salts  with  acids. 

<icric  Acid.  Syk.  Nilroxt/phenic  AeiJx    Cit„\,Q     |0«. 
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Tbia  acid,  which  has  also  been  named  strphnic  acid,  and 
ficiol  bitter,  or  the  artificial  tanain  of  li.-axil  wood,  is  evideotJ; 
derived  from  oxyphenic  acid ;  but  is  formed  hy  the  actiuo  ol 
nitric  acid  CD  various  gum  resins,  as  ammoniac,  assafuiUda,  galba- 
num,  BBgapenum  ;  or  on  the  watery  extracts  of  Brazil  wood,  Ua>- 
penety  wood,  or  sandal  wood ;  on  euxanthic  acid,  or  on  peuoodAnioe. 

It  forms  minute  crystals  like  fern  leaves,  or  large  y>«Uow 
prisms.  It  b  sparingly  soluble,  and  has  an  astringent  taatc  It 
explodes  slightly  when  suddenly  heated.  Its  Balt«  explode, 
when  heated,  much  as  the  pivrates  do. 


b.  ToltttiU  Btuct  of  Coal  Tar. 

Besides  carbolic  acid,  liunge  found  in  oool-tar  two  oUicr  aodi, 
roiolic  and  brunolic  acidt  (of  which  little  is  knovm),  and  tknt 
basic  volatile  oils,  kyaiiol,  Uukul,  and  pyrrol.  The  but  h»»  htea 
little  examined ;  but  the  recent  researches  of  llofmann  hav* 
confirmed  Uuuge's  statements  as  to  the  two  first,  wbic-h  have 
also  b<icn  identified  with  bases  produced  from  different  quoiten, 
namely,  aniline  and  quinoline  or  Icuooline.  These  biuu*  have 
already  been  fully  desoribed  under  the  head  of  volatile  arti&aal 
alkaloids. 

According  to  Anderson,  there  exist*  a  series  of  bases  eall«d 
pyrrole  bases,  which  are  bases  of  the  aniline  or  of  thv  pioolUM 
series,  coupled  with  a  red  compound. 

That  there  is  a  relation  between  aniline  and  oarhuUo  tdd 
appears  from  their  formultu  ;  for  aniline  is  the  omidide  of  carbolic 
acid,  or  p/ienamide,  being  thus  deduced  frum  carbolate  of  ammo* 
nio.  CiiUoO,  NHs  =r  HO  +  CuH«,NHs.  Xh«  ralatioa 
may  be  better  exhibited  thus : 

Carbolic  Add  (sahjdroua),  or  Oxide  of  Phenjle  =  Cu  H«  O 
AaUiue,  uuniikciiase,  or  j^heajrliuiude  .  ^  Cu  III  Ad 

As  another  experimental  proof  of  this  relation,  it  may  be 
mentioned  that  salicyLunide,  C14  H>  0>,  N  lli  =  Cu  Hf  li  ()«, 
which  has  the  same  composition  as  nitrotoluole  and  aullumnilit 
acid,  both  ol  which  yield  anUine,  when  heated  with  Ume  prH 
not  aniline  but  corbolio  acid,  ammonia,  and  prubablv  a  wriw* 
hydrogen. 

It  will  be  remembered  that  piooliue  is  isomotio  with  sBitiae. 
This  Liomthim  cxtt-uds  to  toluidine  and  lulidine,  '  ^ad 

also  to  the  higher  members  of  the  oidliue  and  piooh  It ' 

de]iends  on  the  foot,  that  while  aniline  is  on  aioide  baae,  ptoollii* 
u  a  uitryle  baae,  and  so  on. 


KAPHTHALIXE. 

c.  TolaliU  CarbohgdrognM  m  Coal  Tar. 

a.  Xajihthaltfie,  CioII«,  or  C«  H^.    This  rcmarlcnble  com- 

onnd  occurs  in  all  kinds  of  tar,  but  most  abundantly  in  coal-tar, 

»  being  formed  at  a  very  high  temperature.      It  is  formed  in 

additional  quantity  when  any  of  the  elements  of  oil  of  tar,  such 

I  fts  creosote,  carbolic  acid,  ic,  or  even  aloohul  and  ether,  aro 

iswcd  tlirfiugh  tubes  heated  to  a  strong  red-heot.     It  ia  easily 

obtained  by  redistilling  coal-tar,  when  the  latter  portions  are  so 

ull  of  nn|ihthaline  as  to  be  semisolid.     It  is  well  squeezed  out, 

and  purified  by  sublimation  and  crystallisation  in  hot  alcohol.    Or 

l>f  oil  of  oonl-tor  is  saturated  with  chlorine  (»a«,  which,  by  destroy- 

Dg  tome  of  the  oils,  allows  the  naphthaline  to  crystallise. 

Pure  naphthaline  is  colourless  and  volatile,  and  forms  large 

rtabiilar,  transparent  crystals,  of  a  very  peculiar  smol),  and  an 

crid  aromatic  taste.     It  boils  at  414^,  but  distils  easily  with  tho 

irapours  of  water,  and  is  dissipated,  like  camphor,  if  left  exposed 

%X  the  ordinary  temperature. 

It  is  art:('d  on  by  chlorine  and  bromine,  which  combine  with 

in  the  first  instance,  ond  also  give  rise  to  a  large  number  of 

Dmpoands  formed  by  substitution  ;  ami  by  sulphuric  and  nitrio 

lids,  each  of  which  produces  a  number  of  new  compounds  with 

These  changes  have  been  studied  with  singular  perseverance 

and  remurVablo  sagacity,  by  Laurent,  more  especially  the  action 

pf  chlorir.o,  bromine,  and  nitric  acid.     His  researches  have  been 

attended  with  unusual  success,  and   he   may   bo  said  to   have 

riginatcd  nnd  established,  by  these  researches,  tho  now  received 

loctrine  of  substitutions.     I  cannot  hope  to  give  even  an  accurate 

ntlino  of  nil  that  Laurent  has  done  in  this  department,  because 

have  nowhere  seen  a  complete  account  of  these  curioiu  results 

[u  they  now  ktand  :  but  I  shall  place'  before  tho  reader  such  a 

'general  account  of  them  as  may  sliow  the  greot  importance  of  the 

tttbjeot,  and  some  of  the  interesting  facts  already  oscertiiincd. 


1.  Action  of  Chlorint  and  Rrominr  oi»  yapMialinf. 

(It  is  necessary  here  to  explain  the  principle  of  nomenclaturo 
risinnrtlly  adopted  by  Laurent,  espcoinlly   for  cases,  like  thia, 
[t  itionti,  where  tho    ordinary   nomenclature  is  entirely 

[ii  1  ;.'.      The   nomenclature   of  Laurent  may   be   thought 

•omo,  uncouth  ;  but  it  is  simple,  Bystotuatic,  and  consistent 
ith  itself.  Ueginning  with  naphthaline,  ho  gives  to  the  com- 
lunds  formed  by  the  successive  substitution  of  chlorine  for 
ydrogco,  names  beginning  with  Mo,  and  ending  with  a  syllable 
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in  which  tlie  vowels  a,  e,  i,  o,  and  u,  are  employed  to  dc*ig:iutc 
the  replaoement  of  1,  2,  3,  4,  and  6  cqa.  of  hydrogen.  Tho*,  if 
in  naphUialine,  C»  IIo ,  I  eq.  of  hj-drogen  is  replaovd  by  ohiatiM, 

fwe  have  the  componnd  do  {  rn' '    "^^  is  called  ahlaosplilM*. 
The  compound  C»  j  f^  is  ohlonaph(«M  ;  C»   i  pj^    ia  cMgnapii- 

tite,  4c.  The  corresponding  compounds  of  bromine  are  hn>- 
naph<(«e,  bronaph^M*',  and  bronaplifwe.     VfTion  we  get  t»(u  *i 

ohlonaph<i«e  C»  j , ,.'  ,  as  there  are  no  more  vowels,  wt  htgia  a^Ut 
with  a,  adding  a  sj-lkble  to  the  word.    Thus  C«>  j  ^isdil»- 

naphtafa««  ■•  C»o  ■{  p,    is  ohlonaphta7«e,  and  Cm  CUisohLaapU*- 

lite,  and  so  on  with  bromine.  AVhen  hydrogen  is  replaced,  partly  by 
chJorino,  partly  by  bromine,  then  the  name  is  so  oonstrootod  that 
the  final  syllable  indicates  the  sum  of  the  equivalents  of  ohloria* 
and  bromine,   while  both  chlorine  and   bromine  are  prtAz*^ 


Thus,  ohlonaphtose  is  Cso 


jcu- 


and  the  compound  Cao 


Mi, 
(Br 


is  ohloribronaphtoM  ,-  C»  {  CI  is  ohlorabronaphtoM.     Th»  fonur 

(Br» 
of  these  two  may  also    be    bromoehlonnphfoxp,    and   ih«  latter 
bromtchlonaplifosf.      We  shall  sec,   hereaft<'  ■    may  bt 

ncuessary  to  use  both  forms  to  distinguish  c<  >uipoaaib 

whioli  are  isomerio.     Again,  where  hydrogen  in  reiilawd  by  9  Ot|  i 

we  have  (N  0»  being  represented  by  X),  C»  J  y  nitronapbtaas, 

and    so  forth.      In  like  manner,   if  H  were  repUced  by  Ad 

(Ad  =  NH.),  we  should  have  C»  I  ^J  =  C«.  Hi  Jf.      Thb 

would  be  called  amanaphtase  :  and  such  a  compound  has  b«ta 
already  described  under  the  name  of  naphthalidioe,  or  naphtyh- 
mine.  It  is  evident  tliat  this  nomenclature,  although  it  gives  ris« 
to  words  of  a  singular  aspect,  is  yet  easily  understood,  and  may 
even,  in  many  oases,  serve  as  well  as  a  formula  to  rominit  tis  ot 
the  composition.  Laurent  has  applied  it  to  many  other 
we  have  seen  in  the  series  of  phenyle,  where  w«  have  ohli 
sesio,  chloropbenisic,  and  ohlorophr'  ' '     '   .     In 

aeotions  we  have  usvd  another  nom'  '^litutiaa 

pouniis ;   t.  y.,  chloraniUne,  dichlor&niiiuc,  tni 
This  might  also  bo  used  here. 
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TVlien  chlorine  is  brought  in  cont&ot  with  naphthaline,  the 
let  melts,  and  there  are  formed  at  onoe  two  compounds  of 
iorine  and  naphthaline  ;  the  chloride  of  naphthaline,  Cio  Us  -f- 
;  and  the  subchloride  of  naphthaline,  Cio  Hs  +  Cii .  At  the 
a«)  time  hydrochloric  acid  is  di&cogngod,  arising  from  tiie 
don  of  chlorine  on  one  of  these  chlorides.  The  former  is  a 
Hi,  which  is  best  purified  by  solution  in  hot  oU  of  petroleuia, 
licli  deposits  it,  on  cooling,  in  orj'stals.  It  may  also  be  puri- 
by  nu-ans  of  boiling  ether,  which  dissolves  it  to  a  certain 
3@tt,  and  deposits  it  on  cooling.  Chloride  of  N  is  decomposed 
yielding  no  less  than  four  different  isomeric  forms  of 
litese.  An  alcoholic  solution  of  potash  oonrcrta  it  into 
two  mot«  forms  of  chlonaphtcse.  It  is  also  acted  on  by  chlorine, 
bromine,  nitric  acid,  and  sulphuiet  of  ammonium,  yielding  many 
new  comi>ounds. 

6iibchl»ride  of  N  is  on  oily  liquid,  which    by  the  action  of 
at  is  partially  changed  into  hydrochloric   acid,  and  one  form 
chlonophtnse.     An  alcoholic  solution  of  potash  also  converts  it 
pto  ohlonaphtase  and  chloride  of  potassium.     Chlorine  converts  it 
I  two  ohlurides  of  ohlonaphtase,  isomeric  but  distinct ;  if  the 
',  is  to<j  strong,  there  is  formed  one  kind  of  chlonaphtise. 
When  bromine  is  made  to  act  on  naphthaline,  no  bromide  of  N 
I  formed,  but  hydrobromic  aoid  is  separated  and  bronaphtase  ia 

nnjthtnuf.  C»  (Ht  CI),  is  obtained  by  acting  on  subchloride 

ofH  '  ■  >.  solution  of  jiotaah.     On  the  addition  of  water, 

•lloil^  parates,  which  is  puriticd  by  rectification,  and  is 

lien  ohlouapiitose.     No  isomeric  modilication  of  it  is  yet  known, 
at  the  cxisttnce  of  such  is  extremely  probable,     liromiue  acta 
it,  converting  it  into  bromide  of  ohlorabronapht«8e,  Br«  -f  do 
01  Ur. 
J?n/ii<//)/i<<M«,  C»i  (II7  Br),  is  formed  by  the  direct  action  of 
umino  on   naphthaline,   core  being  taken   to  avoid   excess  of 
so,  which  would  form   bronapht«sc,   and  excess  of  naph- 
koline,   which   would  remain    unchanged.      Bronaphtase  is  a 
tIpm  oil,  decomposed  by  chlorine  and  bromine,  the  latter 
fMting  it  into  bronaphtcso  and  the  products  of  the  further 
on  of  bromine  on  bronaphtcse.     As    yet  only  one  form  of 
onnphtose  is  known. 

Vhhnnphtme,  Can  (Hd  Cla),  occurs  in  no  less  than  seven  dilTe- 

•  ric  ftirms.      These  ore   distinguished  by  Laurent  lu 

•lib  a,  c,  <iil,  e, /,  X  and  y,  but  1  am  not  aware  of  the 

Bjile  (-n  which  these  letters  ore  selected,     a,  c,/,  and  x,  are 

bed  by  the  action  of  heat  on  the  chloride  of  N  ;  arf  and  e 

oiling  chloride  of  N  with  tiuoture  of  putoah  ;  and  y  by  the 
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action  or  chlorine  on  nitronaphtese.  a  iind  x  lu-e  liquid ;  all  iLe 
rest  orystuUiKO  easily.  The  solid  forms  have  mch  a  diStmit 
point  of  fusion,  and  the  whole  seven  give  diifcrent  ramjti 
when  acted  on  by  chlorine  and  bromine.  Since,  thfrefors,  tke 
composition  of  nil  seven  is  the  same,  we  are  compelled  to 
the  conclusion  that  it  is  not  the  same  '1  eqs.  of  hydrogoa 
are  replaced  by  chlorine,  and  that  it  is  not  inditTerent 
equivalents  of  hydroRen  are  thus  replaced,  but  that,  on 
contrary,  the  properties  of  these  compounds  depend  oa  ike 
particular  equivalents  or  molecules  of  hydrogen  repUotd  by 
chlorine,  and  tliat  consequently  the  arrangement,  or  relotir*  ai 
well  as  absolute  iwsition  of  these  molecules  in  the  oompoatil 
molecule,  is  a  matter  of  far  greater  importance  (at  le*at,  in  this 
and  other  analogous  rases),  in  reference  to  chemical  ohi 
than  the  projicrties  of  the  elements,  or  their  plaoe  in  the 
ohemioal  arrangement. 

Referring  to  what  I  have  said  on  the  subject  of  typM,  at 
pp.  12 — 19,  I  would  hero  point  out  that  naphthaline  is  a  typ*,  tJw 
molecule  of  which  is  made  up  of  20  equivalents  (not  single  itoma, 
but  molecules)  of  carbon,  and  8  equivalent  moleculen  of  hydrogvn ; 
and  that  chlonaphtese  is  a  subtype,  in  which  the  2lt  nxdeoalt*  of 
carbon  are  associated,  as  in  the  fundamental  type,  with  8  othrr 
molecules,  not  all  as  before  of  hydrogen,  but  6  of  hydrogen  and 
2  of  chlorine,  a  body  usually  considered  as  entirely  oppowd  to 
hydrogen,  chlorine  being  strongly  negative,  and  hydn^o  atroa^T 
poeitive.  Ytt  the  typo  remains  unchanged,  and  we  cannot  baip 
scting  that  the  two  molecules  of  chlorine,  in  virtue  of  thtir  p«m- 
tion  in  rtftrence  to  the  20  of  carbon,  are  playing  the  part  of  2 
molecules  of  hydrogen. 

Furtlur,  if  we  conceive  the  8  molecules  of  hydrogen  in  the 
fundamental  type  to  occupy  each  a  tixed  position,  in  rtdatinn  to 
the  20  of  carbon,  we  see  from  the  wonderful  phenomena  just 
indicated,  namely,  from  the  exifct<?nce  of  seven  distinct  forms  of 
chlonaphtese,  that,  in  each  of  these,  a  dilfercnt  pair  of  mulMulei 
of  hydrogen  has  been  replaced  by  chlorine.  If  the  S  mol«<«ulea  af 
hydrogen  be  supposed  to  be  numbered,  according  to  the  flxrd 
position  of  each  in  the  compound  molecule  of  the  type,  then  «• 
run  see  that  in  chlonaphtese  a,  Uie  molcoulvs  1  and  2  rauv  botlint 
replaced,  while  in  c  the  molecules  G  and  7  may  be  tliosv  rvplaOMl 
by  chlorine,  and  so  on.  It  is  cosy  to  calculate  that  in  this  way  at 
least  28  different  isomeric  forma  of  chlonaphtese  may  exist,  and  of 
these  seven  are  already  known. 

Our  space  n-ill  not  admit  of  details  on  the  different  form*  of 
chlonuihtese,  but  I  have  thonght  it  indispensable  to  explain  th« 
view  now  taken  of  these  singular  oompounda,  in  a  general  way. 
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|t  is  evident  that  we  may  ejcpect  much  light  to  bo  thrown  on  the 
DbsonrG  subject  of  the  molecular  arrangement  of  compounds  by 
outinucd  researclics  in  the  same  direction.     The  recent  progress 
ti  those  departments  of  physics  which  are  most  closely  allied  to 
istry,    has   established  the    existence   of   certain   relations 
en  tlie  atomic  weight  and  constitution  of  compounds  and 
beir  phynical  properties,  such  as  volume  or  density,  volatility, 
^■tate  in  regard  to  cohesion,  solidity,  fluidity,  &c.,  and  crystalline 
form.     AVe  now  see  a  prospect  of  tracing  the  connection  between 
the  molecular  arrangement  of  comi>ound  bodies  and  their  che- 
mical properties  ;  and  we  may  even  hope  hereafter  to  be  enabled, 
kiniply  by  accurate  obser%-ation  of  the  external  properties  of  a 

■  body,  pliysical    and    chemical,  to  ascertain   its  composition  and 

onstitutiiiu  ;  and  .ilso  to  predict  with  accuracy  the  properties  of 

impounds  yet  unformed,  the  formation  of  which  will  probably 

rbecowe  a  problem,  solvable  by  a  few  rules  of  universal  application. 

Au  excellent  illustration  of   this    has  lately  been  given  in  the 

^prediction  of  Liebig  in  1839,  of  the  properties  of  volatile  bases, 

liscovtred  in  ISO)  and  1850—51,  by  Wiirbt  and  Hofmann.     The 

IpredictioQ  was  fully  verified,  and  the  processes  emjiloyed  wore 

ItQch  us  admit  of  very  wide  application,     (See  Etliyle,  MithijU, 

ad  Artificial  Onjaitic  liases). 

For  tlic  present,  we  have  only  the  distant  prospect  of  these 

Iresults ;    but  we   have  only   assiduously   to   pursue  the    study 

of  nature  on   true  inductive   princiides,  in   order   to   be   herc- 

Ikfter  enabled  to   bring  into   order  the  chnos,   so  to   speak,    of 

lliiterestiug  and   imi)ortant  observations,   the   number  i)f  which 

lis   hourly  incrcasiug,  while  a  largo  proportion  of  them   Imve 

■  Bot  yet  found  a  use  or  an  application.  We  must  now  return  to 
I  the  derivaUvea  of  naphthaline,  which  we  have  only  space  briefly 
(to  name. 

Bromiphtesti,  Cao  (Ho  Dr«),  is  easily  formed  by  the  action  of 
liromino  on  naphthaline  or  on  bronaphtase.  It  is  a  crystallisable 
■olid,  and  probably  corresponds  to  chlonaphtese,  c.  Only  one 
tironaphtcsu  is  yet  known.  It  forms  several  compounds  with 
klttomine. 

hlonaiihtiae,  Cm  (H»  Clj),  occurs  b  six  different  forms  (out  of 
rhicli  are  possible),  o,  ac,  r,  tj,  tl,  anil  aj,  all  of  which  are 
JHsablu  solids.  They  are  obtained  in  dill'erent  ways :  o  by 
[liotling  with  tincture  of  jiotash  the  oily  modilication  of  chloride 
l«f  olilonaphtaSo  ;  ac  by  the  action  of  chlorine  on  chlonaphtesc  ad, 
melttd  I  and  </  along  with  some  of  a,  by  boiling  with  tincture  of 
I  ]H>tAkh  the  orvhtnllised  chloride  of  ohlonaphtasc ;  d  by  distilling 
I  the  crystullistd  cliluridv  of  ohlotiaphtuse  ;  and  ad  by  boiling  with 
LtiactuTo  of  potash  the  double  chloride  uf  naphthaline  and  u( 
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oUonophtoie ;  a  is  converted  by  chlorine  into  oklonaphtOM  • ; 
and  bromine  converts  it  into  chloribronaphtose  a. 

Jironajihttse,  Cw  (Ht  Bn ),  is  obtained  by  heating  th«  Vromida 
of  bronapbtise,  when  bromine  it  g;iTen  off.  It  is  orratalliMble. 
Only  one  form  is  yet  known. 

ChUinapMoie,  Cio  (Ui  Clt ),  occurs  in  four  isomeric  forms,  a,  h,  e, 
and  k,  out  of  a  very  largo  number  which  are  jiossible.  They  im 
all  cryatallisable.  It  is  unnecessary  to  mention  the  methods 
employed  to  obtain  them,  which  are  analogous  to  those  alreuly 
described  for  ohlonapbtisc  or  ohlonaphtese. 

Bronapht-oae,  Cio  (H«  Br4 ),  appears  to  exist  in  two  fiarms  a  oad  h, 
both  crystallisable. 

Cliliiriaphtujie,  Cso  (IlsClt),  and  Bronaphtutt,  Cw  (H*  Dr>},  U* 
not  yet  known. 

ChlonnphtaUiie,  Cm  (IliCla),  is  obtained  by  the  action  of  ohlo- 
rine  on  cldonaplitise  a.     It  forms  soft  flexible  prisms. 

Chlonaphtalese,  Cv,  (H  Clr ),  is  not  yet  known. 

C/ilonaplilalise,  C'»  Cla ,  the  compound  in  which  all  tlie  brdto- 
gen  of  naphthaline  is  replaced  by  chlorine,  is  obtained  by  continu- 
ing the  action  uf  chlorine  on  chlonaphtise  a.  It  is  also  crystalliublr. 
LAurcnt,  apparently  from  its  crystalline  form,  considers  it  tv 
correspond  with  the  modiilcations  c  of  chlonaphtese  and  ohlonapb- 
tise  ;  and  for  the  same  reason  he  considers  the  only  chlouaphUlsM 
known,  as  ohlonaphtalase  a.  In  the  case  of  chlonaphtalisK,  if 
different  moditic.ttions  can  occur,  they  most  depend  on  a  diffrmit 
principle  from  that  which  regulates  the  modificatious  of  tittm 
oom|>ounds  in  which  both  chlorine  and  hydrogen  are  oonoi>nMd. 
But  until  a  complete  account  of  Laurent's  views  bo  pnMishod, 
it  is  not  easy  to  ascertain  exactly  what  those  views  aro.  I  ta»- 
peot  some  error  in  tho  only  aooount  of  thoM  rewuobM  to  vkiab 
I  oould  refer. 

Besides  tho  above,  there  are  a  number  of  '  i>  derived 

from  naphthaline,  in  which  the  hydrogen  is  i  '.  fanNnin* 

and  chlorine  at  once. 

Chlorebronaphtise  n,  Cto  (Ht  Cls  Br),  is  a  crystalline  aolid  xnj 
similar  to  chlonapbtise  a. 

Chhrchronaphdme  b,  do  (H4  ClsBfi),  is  obt«ined  by  llie 
of  bromine  on  chlonaphtosey. 

ChloribronaphtoM  a,  Bromachlonaphtote  a,  and  Si 
itaphtott  b,  are  three  isomerio  compounds.  Tho  first  b 
obtained  by  the  action  of  bromine  on  chlonapbtise  a,  ami  tlM 
bromine  is  tliereforv  plamd  woond  in  the  name.  Th«  t«« 
others  arc  both  formi^  when  ohlorino  acts  on  bronapbtei*. 
These  arc  tbc  com{x>ands  ulludcd  to  at  page  18.  They  funjilt 
a  ver}'  beautiful   proof  of  the  truth   that  the  pgaitioo  vf 


I 


PRODUCTS   DERIVED   FROM   NAPHTHALIITB.       483 


replaced  or  replaoing  muleoulu  is  all-important.  They  are  all 
crystallisaMe. 

BromteloHOphtuie  b,  Cio  (II*  Cl»  Brs),  is  a  crystalline  solid, 
oLtained  bj  boiling  chloride  of  bromechlonaphtise  with  tincture 
of  potash. 

Chloribronaphttue,  Cto  (H»  CIs  Br« ),  is  o  crystalline  aolid,  formed 

kthe  action  of  bromine  on  chloride  of  naphthaline, 
'here  remain  to  be  described  some  compounds,  analogona  to  the 
chlorides  of  nn|)hthaliac,  and  containing  consequently  chlorine  or 
Dtninc,  in  addition  to  the  type  or  subtype. 

oride  of  ehlnuaphtaie,  Cl«  +  Cto  (H?  CI),  is  obtained  by  tlie 
on  of  ohlorino  on  the  subchloride  of  naphthaline.  It  is  the 
most  remarkable  of  the  whole  series  from  the  great  size  and  beauty 
of  its  orj'stals.  It  occurs  in  an  isomeric  form  as  an  oily  liquid. 
When  distilled,  these  compounds  yield  different  forms  of  chlonaph- 
tiae  mixed  together. 

Chloride  of  chUmnphteie,  CK  +  C'to  (H«  Cls ),  oooun  in  three 
isomerio  forms,  a  and  x  are  oily  liquids,  derived  respeotirriy 
from  chlonaphtcie  a  and  x  by  the  action  of  chlorine,  and  e  is 
deiiTed  from  chlonaphtese  c  in  the  same  way,  and  is  crystal- 
line.    They  all  yield  chlonaphtose  when  heated,  but  in  ditferent 

BS. 

9rof>tide  iif  ehlotmphttte,  Br»  +  C«o  (HsCli),  is  obtaiucd  by  the 
lion  of  bromine  on  cblonnpktcse  t.    It  is  crystalline.    An  excess 
Illumine  produces  at  least  live  ditforuut  compounds. 
9romidf  of  ehtorahronaphteti;,  Br«  -|-  Cio  (H»  Mr  CI),  is  formed 
>n  bromine  acts  on  chlonaphtese,     It  is  crystalline. 
bromide  ofbronaphtcM,  Br»  +  Cio  (H«  Br»),  is  formed  by  the 
of  bromine  on  hronapht«se.     It  is  crystalline,  and  when 
tiUnl  yields  hydrobromic  acid  and  brunaphtose. 
iuhbromide  ofhronnphtitii,  Br«  +  Cjo  (UtBrs),  is  formed  along 

the  precudiug.     It  is  also  orystalliue, 
bromide  of  bronaphtite,  Dr* -f-  ^^  (H'  Ci))  M  also  a  highly 
ttalliue  solid. 

9ubchtoride  of  brunaphtate,  Cli  +  C«  (HiBr),  formed  by  the 
»n  of  chlorine  on  bronaphtase,  crystallises  in  regular  rhom- 
plates. 

oride  of  bronuphUu,  CI*  +  Cio  (UaBrs),  orystaUiaM  in  long 
I. 
^erehhride  of  broiutphliM,  Clt  +  C»o  (H«  Brn),  oryatallises  in 
iliic  hose. 

,itiphli«f,  CU  ^-  Cw  (Us  Brs  CI),  crystallises 
iuiUi  i!^  'IS.     When  boilod  with  tincture  of  potash 

iflds  brill-  ..lute,  Cki  (IlaBrtCla). 

kU  tbo  prt'oudiug  compounds  hava  been  diaoovered,  studied, 
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analysed,  and  described  by  Laurent,  besides  n  Inrge  additii 
number  of  derivativea  of  naphtbaline,  under  the  n^ncy  of 
chlorine  and  bromine,  which  he  has  not  »o  fally  exiunioad. 
Those  here  named  ore  sufticient  to  illustrate  the  endlMi 
variety  of  oomiioiinds  attainable.  Every  subtyj*  of  the  ori{;ilu] 
type  of  naphthaline  admits  of  numerous  [>ermatjitic>ns ;  bdiI 
where  both  chlorine  and  bromine  are  present,  the  number  of 
possible  permutations  is  enormously  iaeroased.  In  short, 
these  remarkable  researches  have  only  made  as  aoqtuiatal 
with  a  very  small  selection  of  the  jMssilile  pntdnots  of  tiM 
action  of  chlorine  and  bromine  on  naphthaline,  (A«  type  rt- 
maininy  unchanged. 

Thus  the  subtype  ohlonaphtose,  C«>  (II»  Cl»),  admits  of  6j 
isomeric  modifications,  all  diflerent,  as  does,  of  oour"-  t.r.."H| 
tose  also.  But  these  subtypes  may  yield  the  m(»! 
ohlurabronaphtose,  chlorcbronnphtosc,  ohloribronapi.  ;■•--. , 
ohlonaphtose,  bromcchlonaplitose,  and  bromichlonaphtoae^  uiil 
others,  JifEcult  to  name,  depending  on  the  relative  proportioM 
and  positions,  in  the  molecule  of  the  subtype,  and  of  the  4  cqt. 
ohlnrine  and  bromine.  It  is  easy  to  imagine  14  such  modified 
subtypes,  and  there  appears  no  reason  why  each  of  thern,  witk 
the  two  subtypes,  should  not  admit  of  ot  least  65  i-  '       rnu. 

This  would  g;ive  1040  isomeric  forms,  all  included  '.«« 

subtypes  chlonaphtose  and  bronaphtoae,  or  under  on. 
which  may  be  called  naphtose,  Cn  (Hi  Xt ).  X  is  h<. . 
chlorine  or  bromine. 

Gerhardt  has  given  the  following  table  of  the  ooropoinsds  ob- 
tAinod  from  naphthaline,  with  chlorine  and  bromine  : — 


1.  CUoridts  and  Bromiiim. 


Chluride  of  NaphtbaliDO  .  CToHi.a. 

BrunaphUw    .  .     .  C>d  IIi  Br,  O, 

Bromide  of  Brou»j.bli«>  Cio  Hi  Bri,  Br> 

Bicliloridc  af  Napiillialiuc  OwIIt,  SOi 

.,             ailmi*|>lit4i»e  .  tV.  H<  Cl.3Cta 

Bieblc<n>br«niiiie  i<r  Naiihlluklino         .     .  Cmllt,  QiBr 

Birklaritle  of  (.'hlonnpliteK  .  Cio  Ho  Ct>,  30t 

,,            Broiinp)it<M  .  C»  Ha  Bn,  SCk 

BibromideofO^        '■  .  C*.  H.  CI, ,  S  Brt 

*  '  .  C«<H«  aSr,  SI 

H'"-^M'" .  C»H>  Rn,  9a««'* 

BirhUri.lc  of  nrt.mrfhlon»|.Iili»c  .     .  (V>  Ot  Bn  CI,  3  < 

Bibpcmide  of  UnmapbtiM  .  Cw  Ot  Br« ,  2  Bn  ^ 
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2.  Sapklhalina  Morini 

t€d  and  hrominuietL 

Cbloi>a(jliUMt: 

.    C*,  Ht  ct 

Bruiuphu»«     . 

.     .     Ca>  Ht  Br 

ClUonnphtcse 

.    C=u  H.  CI. 

Brtuiaplitese 

.     .    CjII.  Br. 

ChloospUtt  . 

.     C»  U.  Cl> 

Braoapbtue 

.      .      CxUa  Or> 

CbJorebrooaphtiae 

.     Cw  Q>  Cl>  Bi 

Cbloiiaphtoae   . 

.     .     Co  H.  CI. 

Clilori  brooapb  toEe 

.     C«  H.  a.  Br 

ChloreUronaphkuie    . 

.     .     C»  H.  CU  Br, 

Brouaphtose . 

.     C>.  U.  Br. 

ChJuritroDnphtasi;    . 

.     .     C».  a.  CI.  Br. 

Chlauplitabue 

.    l;»  q>  ci< 

Chlonftphtaluie 

.     .    Cq  Cli 

avc  retained  Laurent's  names,  as  those  of  OerliorJt  do  not 
it  our  language.     It  will  be  seen  by  thin  table  that  naphthaline 
od  its  products  by  substitution  form  one  group,  the  members 
which,  cumbiiiing  with  chlorine  or  bromine,   form  another 
group. 

^^_  2,  ArlioH  of  Saljihuric  Acid  on  Xaphthalinc. 

^^l  When  naphthaline  is  dissolved  in  warm  oil  of  vitriol  to  satura- 
^Hion,  the  solution,  if  left  exixisvd  to  the  air,  becomes  a  semisolid 
^^■MH  of  a  dirty  purplish  colour.  This,  dried  on  a  [wrous  briclc, 
^^^^Kb  a  quantity  of  scales,  very  soluble  in  water  and  alcohol, 
^^^Hv  ore  a  mixture  of  two  acids. 

a,  Suljj/ioiKijilitlialie  acid,  C«j  II»  S«  Go  -f  2  aq.  The  above 
niizturc,  being  dissolved  in  water,  is  saturated  witli  carbonate 
of  l«ad,  whicli  forms  insoluble  sulphate  of  lead,  and  two  soluble 
it»,  one  of  which  is  soluble  in  alcohol  and  contains  this  acid, 
ad  yields  it  when  decomposed  by  sulphuretted  hydrogen.  The 
Did  forms  a  hard  crystalline  fusible  mass,  of  an  acid  and  bitt«r 
stc.  Its  salts  are  soluble  and  crystollisable.  Their  formula  ia 
I  U(  M  S<  Os.  Their  acid  is  formed  from  1  eq.  of  napthaline 
;  '2  cq.  of  oil  of  vitriol,  SOj,  110,  by  tlie  separation  of  2  eqa.  of 
Ktcr,  wliich  eaU-T  into  tiio  acid,  however,  as  water  of  ctystAlIi*^- 
on,  and  are  expelled  by  bases. 

Thci  same  amount  of  naphthaline,  with  twice  as  ranch  oil  of 

itriul,  forms,  by  tlic  Rcpurulioii  of  4  eqs.  of  water,  the  next  add, 

S»  11»  +  4  IHO,  SO.)—  4  110  =  Ciu  11.  S«  Oit. 

bulphonuphUiulic    acid  forms   with  chlorine  four  substitution 

in  which  1,  '2,  3,  and  4  eqs.  of  hydrogen  are  icpluocd  by 

Jonae,     With  bromine  it  yiiids  two  such  acids,  nitli  1  and  2 

eq.  of  bromine.     It  also  yields,  with  nitric  acid,  ou  acid,  tiw 
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nitroiulpbonnphthalic    acid,    in  which    1    eq.    of   hjdr 
replaced  by  NO, . 

h.  Biaulphonaphthalic  acid,  C«o  Hit  S*  Oii  ?  The  le«d 
insoluble  in  alcohol,  contains  this  acid,  the  salts  of  which  I 
soluble,  bitter,  and  hardly  crystollisable.  It  is  possible  thit  t 
third  acid  accompanies  these  two ;  for  Famday  obtained  a  thinl 
salt  of  baryta,  and  Bcrzclios  found  a  third  salt  of  lead  ia 
the  mother  liquid  of  the  other  two.  Faraday's  salt,  whi<il 
remains  with  the  sulphate  of  baryta  formed  in  the  prooeM  hr 
the  free  sulphuric  acid,  oud  may  be  extracted  by  boiling 
water,  yields  about  42  per  cent,  of  lulphate  of  baryta  vhto 
calcined. 

The  vapours  of  anhydrous  sulphuric  acid,  passed  over 
naphthaline,  form  with  it  a  red  liepid.     If  the  acid  be  in  < 
there  is  formed  a  new  acid,  the  hyposulphogMinic  acid,  besidet 
small  quantities   of  the   preceding  acids ;  if  there  be  exeosa  al 
naphthaliue,  there  ore  formed  two  neutral  bodies,   itijpjtonyt 
tkalint  and  $iilphimaphthalide. 

Mypotulphoijlutinic  acid,  when  pure  and  dry,  is  a  hard  glam 
mass.  When  precipitated  from  its  salts  by  stronger  aeida,  it 
forms  a  viscid  hydrate  like  turpentine.  Its  salts  are  gencnUj 
soluble  and  do  not  crystallise.     Its  composition  is  unknown. 

Stdphonaphthaline  is  a  crystalline  fusible  solid,  formed  from 
2  eq.  of  naphthaline  and  2  cq.  of  oil  of  vitriol,  by  the  aeparatiaB 
of  4  eq.  of  water.     Its  formula  is  Cm  Ilit  S*  0«,  or  it  may  bi 

written  C<o  ^  oq     |   ;  t^t  is,  2  eq.  of  naphthaline,   ia  iHiM> 

2  eq,  of  hydrogen  are  replaoed'hy  2  eq.  of  sulphurous  acid  I  " 

3.  Aelion  of  \ilric  Arid  on  yaphthalint,  ami  ill  Drrwatir 
Nitric  acid  aots  on  naphthaline,  and  gives  rise  to  a  whole  scries 
of  compounds  in  whiuh  N  O4  is  substituted  for  hydrogen.  Hm 
same  principles  apply  here  as  in  the  action  of  riiloriiw  mAj 
bromine  on  naphthaline.  It  is  to  Laurent  that  we  are  iad 
lor  our  knowledge  of  these  compounds,  which  our  apace  will  < 
fdluw  us  to  name. 

Xitronaphlaae,  or  HitronaphUialine,  Cto  ITt  X  (X  ia  ben  pat  fiat 

N  0. ),  is  best  formed  by  causing  nitrous  acid  to  pass  throogk 

melted  naphthaline.   It  is  purified  by  means  of  alcohol,  and  I 

I  long  prisms  of  a  sulphur-yellow  colour,  fusible  at  110°. 

'decomposes  it,  producing  chlonaphtose.      Nitric  acid  oonv 

into  nilronaphtete.     By  the  action  of  sulphuretted  hydrogen  and 

ammonia,  it  yields,  as  has  been  already  explained,  a  ba«e,  iMpA* 

)  itiUdint  or  naphtiiUiminr,  Cw  Ad  H,  =  Co  U.  N. 

Nitronaphtholiue,  according  to  Piria,  when  its  alooholioaolatJOB 
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witfi  solution  of  sulphite  of  aininonia  in  excess,  until  a 

no  longer  becomes  turbid  when  mixed  with  water,  yields 

two  strata  of  liquid.  Thu  lighter  is  an  alooholio  solution  of 
new  products,  the  heavier  an  aqueous  solution  of  sulphate  and 
sulphite  of  ammonia.  The  former  is  evaporated  to  a  small  bulk 
and  deiKisits  on  standing  crystals  of  the  ammonia  salt  of  a  new 
acid,  thionaphtamic  acid.  The  mother  liquid  of  these  crystals 
oontains  the  ammouia  salt  of  another  new  acid,  isomeric  with  the 
rst,  napht ionic  acid, 

Xapht ionic  acid,  Cm  Ha  NSt  0»,  H  0  +  aq.  The  salt  last 
mentioned  is  dissolved  in  hot  water,  and  on  the  addition  of 
hydroohlttric  acid,  the  new  acid  falls  as  a  reddish-white  crystal- 
line powder.  When  pure,  it  is  colourless.  It  neutralises  all 
bases,  and  forms  salts  which  crystallise  in  large  and  regular 
crystals.  It  is  very  permanent,  except  that  it  is  decomposed  by 
oxidising  agents. 

Thionaphtamic  acid,  C«o  Hs  NSs  0»,  HO.  This  acid  forms 
also  crystallisable  salts,  but  cannot  be  obtained  in  a  separate  or 
free  state,  because  on  adding  acids  to  its  salts  it  is  at  once 
deoomposed,  yielding  sulphuric  acid,  and  naphtalidine  or  naph- 
tyloniino,  the  base  already  mentioned  as  formed  by  the  action 
f  Bulphuret  of  ammonium  on  nitronaphlhaline.  Its  salts  form 
or  puqile  micaceous  soales,  but  are  probably  colourless  when 
;  the  colour  arising  from  the  action  of  the  air,  which  pro- 
duces a  purple  resin  with  naphtalidine.  These  salts  are  easily 
deoompOHcd.  A\'Tien  heated  with  dilute  sulphuric  acid,  they 
yield  abundant  scaly  crystals  of  sulphate  of  naphtalidine,  and 
this  is  the  best  method  of  obtaining  that  base.  Piria  finds  that 
naphtalidine  and  its  salts  yield  with  oxidising  agents  a  violet 
mmorpbouB  compound,  which  he  calls  naplitamine.  Its  compo- 
'^  lition  is  not  yet  kno«Ti.  When  nitronaphtalinc  is  acted  on  by 
sulphurous  atid,  we  have  C«o  H7  N  0»  +  2  S  Ot  +  2  H  0  = 
2  8  Oa  -f-  Cjo  H»  N  ;  und  the  naphtalidine,  C»  Hn  N,  oombinos 
with  2  eqs.  of  siilphurio  acid  to  yield  the  two  new  acids ;  thus, 
Vjv>  H«  N  4-  2  S  0.1  =  Cw  n. N  S. 0. ,  no.  This  at  onoe  explains 
the  easy  resolution  of  one  of  these  acids  into  naphtalidine  and 
•ttlphurio  acid ;  the  other  acid,  which  is  so  permanent,  must  have 
a  different  arrangement  of  the  same  elements, 

Knphtalase,  Cjo  (H:  0),  is  a  yellow  crystalline  solid,  formed  by 
gpntly  heating  nitronaphtase  with  10  fiarts  of  lime  slightly 
moistened.  It  communicates  to  oil  of  vitriol  a  magnilioent  blue 
eolotir.  It  is  insoluble  in  alcohol  as  well  as  in  water,  otherwise 
it  would  rooall  pyroxanthine,  which  is  yellow  and  volatile,  and 
colours  sulphuric  ncid  purple. 

Xiln>naphU4e,  Csa  (Ho  Xi),  forma  a  orj'stoUine  powder  fuaibU 


lyiBi 

^KOf   Bl 

^Pduce 
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ftt  365°,  insoluble  in  water,  very  sparingly  soluble  in  bIo 
It  is    converted,  by  the  action   of  snljihurettcd   hyJrucvu 
ammonia,    into    the    new    artiHcial    base,    temmaphtaliJiH* 
aionu/ihti/Uiiiiine  =  C«o  Hio  Ni. 

yitronaphUiae,Qto  (FIs*  X«»  )?  is  a  crystulline  compound  i 
when  naphthaline  is  added  in  smnll  ({iiuntilioij  to  a  large  i 
hot  nitric  aoid.  Nitronaphtesc  is  produced  along  with  it.  Itl 
pale-yeUow  and  very  fusible,  becoming  liquid  even  in  boiliag 
alcohol.  This  great  fusibility  prevents  us,  notwithstanding  iti 
strange  formula,  from  considering  it  as  a  mixture  of  uitruna]>titcae 
and  nitronaphtise,  the  former  of  which  melts  at  3Gd-,  lh«  latbv 
at  410",  and  which  are  very  insolublo  in  ether,  in  which  liftad 
nitron aphtcisc  readily  dissolves. 

Nitronajihtke,  Cm  (Ih  X> ),  is  formed  along  with  tlie  preeedinf, 
and  crystallises  in  rhomboidal  plates  of  a  pole-yellow  oolour, 
fusiblc'nt-lIO". 

Is'itronajilituU  is  a  orj'stalline  substance,  formed  by  (ha  l«m- 
continued  action  of  nitric  acid  on  the  mother  liquor  of  all  the 
preceding-.  It  melts  at  420",  and  sometimes  solidities  in  as 
Bmor]>hous  state  ;  a  slight  heat,  or  touching  the  meltMl  tubaUlM 
with  a  point,  causes  it  to  crystallise.  It  seems  to  bo  an  '^infH* 
form  of  the  preceding  compound,  and  a  third  is  said  to  exist, 

Nitronaphtetie  acid,  Cia  II»i  Kit  O4  ?  Cm  H»  X>  (h  t  Tllit 
noid  is  formed  when  nitronaphtalese  is  boiled  with  tinotoM  tl 
potash,  and  is  separated  from  tlu<  {>ota.ih  by  nitric  acid.  Whtfl 
dry  it  is  brownish-black,  and  forms  brown  sails,  which  are 
and  uncrystuUisablo.  KitronaphtaUiuc  acid,  Ci»  lit  0«  'Si 
Cm  Ha  Oil  Ns,  is  a  similar  acid,  formed  from  nitronapbtj 
Nitrimaithtitic  acid  is  unothor  brown  acid,  formed  in  the  1 
way  from  uitronAphttilisc. 

bride  of  chloiuxeiiaphtote,  0*  +  Cw  (H>  CU  O*),  i«   fonDodj 
fWhen  nitric  aoid  acts  on  crystallised  chloride  of  ch' 
'  It  ap|)ears  as  a  yellow  ciystollino  solid.     It  is  aoooin|i 
chloranuphti&ic  ncid,  into  which  it  is  also  converted  bjr  boiBd( 
with  tincture  of  ]iotash, 

Chloranaphtitlc  acid,  Cto  H»  CI  0«,  is  formed  from  the  pre* 
ceding  oom]H>und,  as  follows:  do  li«  Cl«  0«  -|-  HO  +  2  KO 
=  H  CI  +  (Co  H«  01  0«  +  K  O).  It  is  sepontcd  from  lb* 
potash  by  adding  an  aoid,  and  forms  yellow  crystals,  fusible  at 
Sys-'.  Its  salts  are  for  the  most  part  insoluble,  and  exhibit 
tho  most  beautiful  coloura,  including  yellow,  onagc,  r«d,  ual 
carmine. 

Oride  of  chhroT4naphtttlim,  Oi  +  C«  CI.  O.  ,  U  obtaiofd  1 
with  ohloplitdlisic  ociil  «uil  other  comjiouniU,  when  nitric 
boilod  with  chlonaphtalat,  Cso  H»  Clo .     It  forms  golden  1 
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mphtalnie  aeid,  C»oHCl»0«,  is  formed  when   the 

ceding   compound    is    acted    on   by  fiotush,    which    at    once 

langea  it  into  a  fine  canniue-red  substance,  from  which  acids 

te  the  new  acid  as  a  yellow  oryatoUiue  powder.     It  forma 

utiful  red  salts  with   jwtash  and  ammonia.      It  is  formed  as 

lows :  Ck  CI.  O.  +  no  +  2  K  0  =  (Co  H  Clo  Oo  +  KO)  + 

The  existence  of  the  two  chloriniaed  acids,  just  described, 
lemds  to  the  idea  of  the  existence  of  on  aeid  C'ai  Ho  0«,  from 
which  they  are  derived  by  substitution.  Now  this  acid  Ims  not 
yet  been  obtained  by  the  oxidation  of  naphthaline,  though  that 
ill  probably  be  done  sooner  or  later.  But  alizarine,  the  colour- 
principle  of  madder,  is  now  believed  to  have  this  formula,  and 
perhaps,  the  compound  in  question.  If  so,  and  if  it  could  be 
formed  artificially  from  naphthaline,  the  discovery  would  prove 
a  moat  profitable  one,  from  the  importance  of  madder  as  a  dye, 
and  the  small  amount  of  colouring  matter  it  contains. 

Phlalic  or  najthtalic  acid,  Ci«  H«  0«,  2  H  0  =  Cm  Ko  Oa,  is 
ed  by  the  action  of  nitric  acid  on  chloride  of  naphthaline.  It 
a  rounded  groups  of  lamellar  crystals,  and  yields  crystol- 
.ble  salts.  When  distilled  with  lime,  it  yields  benzole  (pb6ne), 
d  carbonic  acid,  Ci«  U,  Oe  =  4  C  0,  -f  C  H, .  When  the 
drat4.'d  ncid  is  distilled,  it  yields  the  anhydrous  acid  in  fine 
itio  needles, 
The  acid  phtalate  of  ammonia,  Cm  H«  0« ,  N  H4  0,  H  0,  when 
ttted  yields  water,  4  H  O,  ani  plitalimide,  Ci«  Ha  N  0«. 
PktatamUU,  Cie  IIo  N  Oa,  is  obtained  by  acting  on  anhydrous 
talic  acid  with  ammonia.  It  appears  that  phtaliniide  is  acid 
tiUate  of  amniuuiu,  minus  4  eqs.  water,  while  phtalamide  ia 
ydrous  phtalate  of  ammonia,  Cio  H«  On  -f  NHa,  minus  1  eq. 
lioth  are  cryst4iLUne  solids,  and  both  appear  to  form 
compounds  with  oxide  of  silver. 
■ojihtalic  aeid,  Cm  H»  N  Ou>,  2  H  0,  is  derived  from  phtalio 
d  by  the  substitution  of  1  eq.  N  0»  for  1  eq.  hydrogen. 
le  n«  0»  —  n  +  N  0»  =  Ci«  Ha  N  Oio.  It  forms  beautiful  palc- 
Uow  crystals  ;  and  when  gently  heated,  it  yields  the  anhydrous 
lid  in  fine  white  ncedies. 

Clilop/ilalific  acid,  Ci«  H  Cl»  0« ,  is  formed  along  with  the 
idu  of  cldoroxenaphtose  when  chlonaphtnlose  is  boiled  with 
io  acid.  It  ia  cryetallisablc  and  represents  anhydrous  phtalio 
id,  in  which  3  cqs.  hydrogen  have  been  replaced  by  3  eqa. 
luriae. 

To  judge  from  the  action  of  chlorine  unaided  by  heat,  and  of 
trie  acid,  on  nnpbthnline,  that  body,  Cm  II»,  is  comjiosed  of 
o  oarbobydrog«ns,  Cia  Ui  and  C-t  lit,  tho  latter  of  which  is 
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more  e««ly  alUred.     The   former,  pl»»  6  eqs.    oxygen,  peU*  { 
|>ht«lio  acid,  Cia  n>  +  O*  ;  and  tbe  substitution  in  plitalio  mU 

of  K0.{=  X)  for  H  yields  nitrophtalic  acid,  Ci»   \  ^+0». 

fi.  Anthracene,  Cw  Hu.  This  oompound,  which  is  poljinaw 
with  naphthaline,  is  also  found  in  oo^-tar,  and  is  somctioiesedW 
poronapbthaliae.  It  melts  at  'ibS\  and  distils  at  392*, 
foliated  plates.  When  acted  on  by  nitric  acid,  it  gires  i\m  \ 
series  of  oomponnds,  in  which  oxygen  is  substituted  fur  hyd 
while  the  compounds  thus  formed  combine  with  hypoaitrous  i 
Thus,  we  haw 


Anthimeene 

Byponitrito  of  Anthneeuaae 
Bi-lirjMmitrite  of  Anlhnoeneu 
Ter-hypoaitrite  of  Autbraoeiuae 
H.rpoaitrite  uf  Anthraoenoie    . 
Hxp<:<nitrit£  of  AathreoeDnae 
Anthnocnnse 
ChloraiithTaoeiiete 


0»  Hi>  0   +    N  0> 
C»  n.o  Oa  -t-  2  N  Oi 
C»H.   U>+SNOi-)-3Q0 
Cm  IL  0.  +    NO. 
CwHt  0>  -(■    NO>-t-    BO 
C.  H.   O. 
Cm  Uio  CU 


Tbe  second  compound  of  the  above  list  is  not  known  ;  bat  iU 
origtcuce  is  probable.  In  all  the  works  to  which  I  have  Mawu 
there  ap]>car  to  be  errors,  probably  of  tbe  press,  in  tbe  tobU. 
which  I  liavo  ventured  to  correct,  so  as  to  bring  the  furmols  tato 
correspondence  with  the  systematic  names  devised  by  LwmBt, 
who  discovtred  all  these  substances,  on  the  same  priuoipla  •»  ia 
the  case  of  naphthaline. 

•f.  Metanaphtlialine.  Svx.  Jieliiterene,  This  oompocad  it 
formed  in  the  deslruudve  distillation  of  resin,  in  the  last  stagM  ti 
the  process.  It  forms  fatty  scales,  fusible  at  IoS°  F.,  and  boilt^ 
at  617°  F.  Its  analysis  seems  to  show  that  it  is  isomsric  or 
polymeric  with  naphthaline. 

I.  In  the  distillation  of  benzoata  of  lime,  there  ar«  formed, 
along  with  benzophenone,  two  oorbohydrogeus,  inomcrio  or  poij* 
meric  with  naphthaline.  One  of  these  forms  fine  prinnui, 
ut  197''  1''.,  the  other  appears  in  laommellated  groups  of 
crystals,  fusible  at  HO'  F.  If  wu  suppose  one  tu  1h!  isonerio 
naphthaline,  C*j  lis ,  and  the  other  polymeric,  Cw  Uti,  it  ia 
to  sc«  how  they  may  be  formed  from  benzophenone, 
plienyle,  Cn  Hs ,  jilut  benzoylc,  Ci>  II*  Oi ,  and  is  therefor*  = 
Cm  Hjo  0«  .     For 


2  (Cm  H.0O,)  =2C0i     +        C«>H.  +      ObsHa 

tleuu(,lMmgne  Gsctxihyilrv^va,        C*ti 

Ka.1.  SaS,' 
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:  Uieae  compounds  have  not  yet  been  fully  studied. 
(.  Chrytene,  C>«  II> ,  is  found  among  the  lost  portions  of  the 
etiticatioQ  of  coal-tar.     It  is  a  yellow  crystalline  solid,  inso- 
Iblc  iu  tDOiit  liquids.     It  melts  at  455°.     With  nitric  acid  it 

forms  nitro-chrysene,  Cii  |^*q    ^ 

f.  Pyrtne,  C»  IIu,  is  found  accompanying  the  preceding.     It 
is  a  good  deal  more  fusible.     Wheu  acted  on  by  nitric  acid,  it 

yieldsbi-nitropyrene,  C»  2  \o    C"     I'y*"*  seems  to  be   poly- 
eric  with  naphthaline. 

The  occurrence  of  so  many  compounds  as  have  been  already 
mentioned,  isomeric  or  polymeric  with  naphthaline,  all  produced 
•  high  tt-mperature,   is  remarkable.     For  wo  should  ratlier 
ot  to  obtain  these   solids  of   high  atomic  weight  at  lower 
ipentures,  and  the  liquids  and  gases  of  lower  atomic  weight 
the  liigher  temperatures.     There  must  bo  some  cause  which 
iuOM  tlie  formation  of  bodies  containing  Cki,  possibly  in  some 
or  Cao,  or  C«o,  or  even  more  than  this.     But  we  do  not  at 
at  know  what  this  cause  is.      On   the   other  hand,   it  is 
lie,  that,  as  we  have  two  homologous  series  of  hydrooarbons 
■  the  products  of  destructive  distillation,  namely,  the  scries 
iDorsh  gas,  Cj  ll* ,  or,  in  general  terms,  Co  Iln  +» ,  and  that 
olefinnt  gas,  C.  H«,  tliat  is,  C.  Hn  ,  the  former  being  hydurets 
methylc,  ic,   the  latter,  hydureta  of  formylo,   acotyle,  &o.; 
k  there  may  also  be  a  third  homologous  series,  to  which  naph- 
DO  belongs.     Thus  wo  might  have  Ci»  H» ,  Cm  H* ,  Cis  Ho , 
(nophthaline),  C.t  Hio,  Cm  Hn,  Cm  Hi.,  and  so  on.     Con- 
I  members  of  such  a  series  will  differ  very  little  in  compo- 
aon   or   in   properties ;    and  it  is  so   difficult  to    purify   the 
liridual    compovinds    in  such   mixtures,    that    the    existing 
might  iu  many  oases  agree  with  such  formula).     This 
not  exclude  tliu  existence  of  isomeric  and  polymeric  modifl- 
ions,  whith  we  know  to  be  very  frequent  in  oarbohyd  rogcns. 
ITiien  bituminous  shale  is  distilled,  it  yields  a  thick  empjTeu- 
oil,  composed    of  several    products.      Among  these  is  an 
Kirvntly  identical  with  eupion,  and  another  very  peculiar 
,  called  nmpeline.     This  oil  has  neither  taste  nor  smell,  but  i» 
]>uints  more  analogous  to  creosote  than  to  any  other  sub- 
It  dissolves  in  water,  but  a  few  drops  of  acid  cause  it  to 
Ite.     It<  composition  is  still  unknown.    It  may  possibly  be 
['pr<xl^>ot  "f  tho  action  of  oil  of  vitriol,  which   is  used  in  it* 
poration,  on  some  otiier  substunci'. 

Amjmltc  Acid  is  formed  by  the  action  of  nitric  acid  on  that  pari 
^  tlw  oil  of  schist  which  distils  at  liW\   It  ia  oily,  soluble  in  hot 
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water,  and  forms  vory  soluble  salts.  Iti  oompositioii  U  not 
known  with  certainty.  A  similar  oil,  obtained  from  oo«I-tar, 
waa  found  to  coutaia  C'u  Ha  0« .  This  would  be  isumetu  vitk 
hydrated  salicylic  acid.  Williams,  aa  mc-ntioned  clsewhov,  hai 
found  many  basic  oils  ia  the  oil  of  bituminous  shalea. 


FOSSIL  BESrKS,  WXX,  OrL,  KAPHTHA,  Ac. 

Urtinite,  or  Iletinasphalt,  is  a  fossil  resin  found  in  lign 
wood-oual.     It  is  fusibk-  and   combustible,  and  almost  en< 
soluble   in  alcohol.      Jictiiiic  Acid,   Cii  H«  0>,  was 
Johnston  in  the  retinasphalt  of  Borey. 

Ilatchetine  is  another  fossil  resin  found  in  the  lignitts  of  Wtl**. 
It  is  colourless,  or  slijj;htly  yellow,  fusible  and  volatile. 

Scheererite  is  a  colourless,  translucent  snbstanc«,  of  a  pcatlj 
lustre,  found  iu  the  Swiss  lignites.     Both  Ilatchetine  and 
rerite  niipoar  to  be  carbohydrogcns,  and  much  resemble 
not  quite  pure.      They  are,   perhops,    mixtures  of   honi 
poraiUiies,  or  when  pure,  each  may  represent  a  difl'erent 

MMletonite  is  a  fossil  resin,  found  near  Leeds  in  coal. 

Idrialine  is  a  remarkable  solid  corbohydrogvn,  found  ia  tJb* 
quicksilver  mines  of  Idria.  Its  composition  was  said  to  be  C«B, 
or  perbofis  Cu  Hj  ;  and  therefore  polvTnerio  with  chrysonc.  Bnt 
it  has  lately  been  shown  to  contain  oxygen,  and  to  be,  pe>)ui{ai 
Cm  Uii>  Oi  .     It  forms  nitroidrioline,  with  nitric  acid,   wkioh  i> 

Cm  tvffv    [  Oi .     It  also  yields,  when  heated,  a  oorbohydrogv 

idrt/U,  in  two  isomeric  or  p<)lyTOeric  forms ;  «  Ca  Hj  .     It 
oil  of  vitriol  intensely  blue,  forming  a  coupled  aoid.  Saecu 
a  solid  body  obtained  by  Pclletier  and  Walter  in  the 
of    amber,    has   the    same    composition,    and   colours  siilj 
acid   blue.     It  is,  therefore,  in  all  probability,  identical 
idrialine. 

Ozokerite,  or  Fustil  Wax,  is  found  in  large  mns'  'itft- 

minous  schist  of  Blamick  in  Moldavia,     ^Yhen  disii  t«iA» 

n  substance  like  wax,  and  also  a  good  deal  of  immffiiir.  i  i/i.>k«rit( 
ia  very  fuKiUo,  and  burns  with  a  bright  flamo.  A  similar  suV 
•tanoe  occurs  iu  the  cual  mines  of  England,  and  it  has  b««D 
shown  to  be  a  mixture  of  at  least  four  compounds,  probably  md*t 
of  thrm  paroilinea. 

Fichtelite  ia  a  fusible,  TolatUe,  crystallisabl*  solid,  tmai  b 
branches  of  pine-trees,  in  the  peat  of  the  turbarirs  in  thv  Fichtd* 
gebirgo.  It  api)eara  to  have  the  formula  Cx>  lli>,  and  ta  |irulM)4]r 
derived  from  esitcnoe  of  tuqwntinc,  C«  IIn. 

Trhorftine,  rhi/tlorrtine,  Jiijloretine ,   Bud  Botvr*tin«,   U«  Al 
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imes  of  four  resinons  oompoands,  found  in  the  peat  of  Denmark, 
on  the  remains  of  pine-trees.  Tekoretinc  and  Phylloretine  ara 
both  fusiblo,  Tolatile,  and  crystallisable.  The  former  appears 
to  be  Ctn  H«,  tho  latter  Cs  H>.  Xyloretine  is  less  fusible  and 
is  deoom|K»cd  by  heat.  It  cryBtallises,  and  its  formula  is  said 
to  be  C40  Ha  0« ,  which  only  differs  from  that  of  sylvic  acid  by 
3  eq.  hydrocon.  BoloretLno  is  fusible,  but  does  not  or)'»tal]ise. 
Its  formula  is  Cm  Uss  +  3  H  0,  but  it  occurs  also  with  o  or6eqs. 
of  water. 

AtphaUum,  Mineral  Pitch,  Pitch  of  Judea.      These  are  the 

names   of   certain  sabstanoes   of    similar  characters,   found   in 

different  parts  of  the  world,  as  in  Trinidad,  in  Hanover,  and  at 

Dead  Sea  in  Palestine.     They  oil  resemble  pitch  in  aspect, 

■re  oompofied  of  a  dork -brown  resin,  mixed  with  more  or 

of  a  brilliant  black  matter,  asphaltene,  do  Hiii  Os,  or  of  a 

Tolatile  oil,  petrofene,  C«o  Hi*.      Tho  former  of  these  is 

ily  an  oxide  of  the  latter.  The  dilferent  kinds  of  asphaltitm 

nnoh  used  for  waterproof  cements,  and  for  pavements,  or 

roofs.     Kajihtrine  is  a  somewhat  analogous  substance,  found  in 

the  limestones  of  the  Maine  et  Loire. 

Petroleum  and  Naphtha.  In  certain  spots,  in  the  neigbour- 
bood  of  the  Caspian,  in  Ara,  at  tho  Teg^msee  in  Bavaria,  at 
Amiano  in  Italy,  and  near  Neufchatcl,  as  well  as  in  other  places, 
pits  dug  in  the  earth  become  filled  with  water,  on  wliich  floats, 
more  or  less  abundantly,  an  oily  matter,  formerly  called  rook-oil. 
The  purer  kinds  are  little  coloured  and  very  fluid,  and  when 
distilled  with  water,  leave  hardly  any  residue.     These  aro  called 

'■•lia.     Other  kinds,  as  the  petroleum  of  Rangoon  in   Ava, 

irk-coloured,  and  semi-solid,  but  become  liquid  at  80^  or 
I  :">  .  These  yield  by  distillation,  first,  much  naphtha,  nearly 
\  colourless,  and  thea  much  paroffine,  which  is  easily  purified. 
b^Naphlha,  when  pure,  has  the  Sp.  G.  0'77,5,  and  its  formula  is 
^^Hi  H>  .  At  least,  many  analysts  give  exactly  this  result,  namely, 
^^T15'7  p*r  ctnt.  of  carbon,  and  14-3  per  cent,  of  hydrogen.  But 
I  all  who  have  examined  naphtha  find  it  to  be  a  mixture  of  many 
f  oils,  agrcting  in  composition,  or  nearly  so,  but  differing  in 
lit'iling  jKtinf,  density,  &c.  This  is  just  what  we  find  in  a 
mixture  of  homologous  compounds,  and  we  may  infer  that  a 
groat  part  of  naphtha  consists  of  carbohydrogens  of  the 
formula  C.  Iln,  about  the  middle  of  the  scale,  as  the  lowest 
ore  goseou!!,  the  higher  solid.  They  may,  jierhops,  be  Cu  Hi«, 
Cm  Hm,  Ci«  Hi«,  C»i  IIio,  C«  Hi*,  ic.  But  as  some  oils  in 
nnpbtlia  contain  less  hydrogen,  there  is,  probably,  another  scries 
preaent  in  which  the  hydrogen  is  less  than  the  carbon,  as,  for 
example,  Cii  Hio,  Ci«  Iln.     Bectified  naphtha  is  used  for  the 
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purpose  of  preserving  potassium  and  aodiam,  which  have  Mt  _ 
action  on  it  if  water  be  not  present.  In  many  plooe*  the  tiathr  ■ 
naphthn  is  used  to  give  light.  ■ 

lleichenbach  found  that  caal,  distilled  with  water,  yieldtd  • 
little  of  an  oil  very  similar  to  petroleum. 

AH  the  obove  substances  ore  formed  by  the  decay  or  Jestfiie> 
tion  of  organic  matter,  chiefly  wood.  It  is  not  altogvther  iiiifn>- 
bable  that  those  kinds  which,  like  the  Rangoon  petruk-um,  oostaill 
puroi&ne  ready  formtd,  may  have  been  formed  by  the  aetiaa  of 
heat  on  beds  of  vegetable  remains,  situated  pretty  deep  ia  tlu 
Orust  of  tlie  earth. 

Soot  and  Lamp-black  are  produced  by  the  imperfeet  oombiutiai 
or  organic  matters.  They  contain  mnob  carbon,  mixed,  in  toot 
with  an  acid  resinous  matter,  and  with  a  substance  aoalogooa  to 
humus,  but  containing  nitrogen,  and  cidlcd  aibulinr..  Lamp-black, 
besides  a  little  resin  and  oily  matter,  often  contain*  naphtlulillli 
which  may  be  extracted  by  aloohoL 


OOSIPOtrNIlS,    VEGETABLE   AXB   AMWAt,    CONTAIMNO    JTmOMV 

AXD  scLPnna,  A.LUc>ii.\or.s  ob  sAsouioEXor* 

COMl-OCKDS. 

Besides  the  few  oils  which  contain  sulphur,  them  i*  • 
important  class  of  compounds,  oommoa  to  plunt«  and  animals,  in 
which  nitrogen  and  sulphur  are  essential  constituent*.  Hmh 
are  called  albuminout,  because  they  all  have  a  rescmbbuuM  to 
albumen,  which  is  one  of  them  ;  and  tanguigenou*,  beowua  tb^ 
are  capable  of  forming  blood  in  the  animal  lH>dy,  and  an  tla 
only  compounds  capable  of  this.  Since  from  blood  tlia  k&iiMl 
body  derives  its  whole  nutrition,  while  the  blood  is  formed  from 
these  compounds,  they  are  called  also  nutritious  compounds  :  asd 
since  they  alone  can  form  organised  animal  tissue*,  they  arc 
called  pla&tio  elements  of  nutrition,  to  distinguish  them  tiom 
sugar,  starch,  fat,  &o.,  which  are  the  respiratory  element*  of  iiiiodt 
and  furnish,  by  their  oxidation,  the  animal  heat. 

These  compounds,  which  we  shall  coll  the  sanguigenooa  bniia*, 
are  three  in  number:  namely,  Albumen,  vegvUlile  and  animal; 
Pibritu,  Tegetable  and  animal ;  and  Cauine,  Teg«tkhle  asd 
animal;  and  under  tliese  heads  are  included  orrtoia  "t^wH^f^ 
forms  of  tlicm,  as  emuUinr,  a.  form  of  albumen,  and  others. 

They  all  agree  in  the  total  absence  uf  crystalline  form,  asd  ia 
having  a  very  complex  constitution.     They  agree,  moreover,  ia 
Cirtain  chdmieal  churaolcps ;  they  dissolve  with   the  aid   uf  hcotj 
in  potash,  and  the  solution  blackens  the  salts  of  h-od,  |«vric 
that  port  at  least   of   tho   sulphur  is  prartsat  in  an  uai>xii 
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11  -lissolve,  with  tlie  lid  of  heat,  in  strong  hydro- 
one  ing,  if  ur  be  admitted,  not  othenriae,  a  purple 
itioD,  "  luMi  oiU-T  a  time  changes  to  a  dark  brown.  The  rerv 
acid  liquid  which  is  obtained  bj  diasolving  mereury  in  ita  own 
weight  of  nitric  acid,  gires  a  Tory  intense  red  ooloor  to  all  these 
lubttancos.  I'his  character  ia  ao  well  marked,  that  we  can  in 
thia  way  detvot  the  presenoe  of  one  part  of  albumen  in  lOO.OCN) 
of  water.  When  oxidised  by  sulphuric  aoid  and  peroxide  of  man- 
ganase,  or  by  sulphnric  acid  and  bichromate  of  putash,  or  by 
fnaion  with  caustic  potnsb,  they  all  yield  similar  products ;  namely, 
compounds  of  the  series  of  aldehyde,  of  that  of  acetic  acid,  of  the 
nitryle  series,  benzoic  acid,  and  oil  of  bitter  almonds,  leucine, 
and  tyrosine.  All  these  things  indicate  a  very  great  similarity  in 
oonatitution.  Their  composition,  in  100  parts,  is  so  nearly  the 
same,  according  to  the  best  analyses  we  have,  that  they  have  been 
■nppoied  to  be  isomeric,  and  probably  are  so.  It  is  evident,  from 
the  products  of  their  decomposition,  and  from  the  fact  that  any 
I  of  them,  in  the  animal  body,  may  yield  the  others,  that  they 
ITeiy  doaely  related,  and  may  even  be  identical  in  composition, 
:  as  oODoems  tlieir  combustible  elements.  Mulder  tiiouglit 
I  had  obtained  from  them  a  compound  free  from  sulphur,  Cm 
lUsi  Oit,  which  be  called  proteine,  and  which  he  supposed  to 
ftbine  with  sulphur  and  phosphorus,  to  yield  the  sanguigenous 
thus:— 

CfTataUine  liamonr=  15  eq.  Froteiae  -t-  I  «).  Sulpliitr 

Oaaeiae         .         .^10  eq.       „        -t-  1  «q.      ,, 

iV«fetobl<  Oelatine  =  I  (1  er|.       „         -t-  2  cq.      „ 

l^b  Albnmco  :=  10  eq.       ,,         ■•-  1  eq.      ■•     -*-  1  eq.  Fbusphonu 

^^ine  .  =  10eq.  •)■  1  eqi      ,,     -^  1  eq. 

Blani  Albamen      .^10  eq,       ,,         +  2  eq.      ,,     ^- 1  eq.         ,, 

}at  the  theory  of  proteine  oannot  he  maintained ;  for  not 

'  doea  no  such  eorojmund,  free  from  sulphur,  exist;  but  tbu 

hunt  of  sulphur  in  sanguigenous  matter  is  two  or  three  times 

ater  than  indicated  by  iluldcr's  formulte :  and  that  sulphur 

ent    in   two   states.      Moreover,    his  formula    for    blood 

3,  gives  twice  as  much  sulphur  as  in  egg  albumen,  while 

he  latter  contoios  most  sulphur ;    and,  lastly,  we  have  no 

It  phosphorus  is  present  in  any  other  form  than  that  of 

horio  acid.     The  best  analyses  yet  made  yield 

further    on,    on   the    sujiposition   that   the 

da  of  »nn;nii(;cii'>"s   mntUT  oontains  not  loss  than  2  eijs. 
alphur,  an  as>um|'tion  jiiilitiud  by  the  existence  of  sulphur 
'  forms  of  cumhination, 

is  yet    another    and    a    very    romitrkablo    character, 
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common  to  all  sangnigenous  bodies.  Whoa  oxpotod  to  tit, 
moisture,  and  a  certaia  temperature,  they  nil  aUorb  vxjptu, 
enter  into  decay,  witli  off'ensivu  products,  and  in  tiiij  tlaie  arc 
ferments,  the  motion  of  their  particles,  according  to  iLe  theorj  of 
Liebig,  bcin^  ccimmunicable  by  contact  t«  tbotie  of  fermoutcacible 
bodies,  such  as  suyar,  which,  when  pure,  do  not  ferment  or  decay. 
Hence  the  sanguigcnous  bodies  ore  putrcscible,  or  frnacatj. 
Lastly,  no  sanguigcnous  comjwund  can  exist  without  ooalainia; 
a  certain  small  but  essential  proportion  of  alkalies,  and  alkahut 
or  earthy  phosphates. 

If  we  bear  in  mind,  not  only  that  any  one  of  tKcsc  au' 
in  the  animal  body,  con  yield  the  two  others,  but  also 
digestion  with  acidulated  water,  or  with  a  solution  of  •aaU«l 
jiotash  or  soda,  coagulated  or  insoluble  tibrine  and  easeiDe  Buy  bt 
rendered  soluble,  and  the  solution  will  exhibit  all  the  projirrtin  of 
a  solution  of  albumen,  coagulating  when  heated,  and  acling  lika 
albumen  on  polarised  light ;  that,  by  means  of  caustic  alka]ic«,  w» 
can  give  to  insoluble  fibrine  and  albumen  the  characters  of  soUbl* 
oaseine ;  it  certainly  apjiears  most  probable  that  these  subatMc* 
are  entirely  alike  both  in  composition  and  constitution,  and  only 
diifer  in  their  physical  state,  or  in  the  mineral  matter  with  vLieh 
they  are  united. 

This  would  lead  us  to  admit  a  common  principle,  not  iiidwJ 
proteine,  but  what  may  be  called  albumine,  wliicli  can  exilt  is 
different  isomeric,  polymeric,  or  allotropio  forms,  beoomiag  t]mi 
soluble  or  insoluble.  Soluble  albumen,  that  of  eggs  and  of  bieoJ, 
is  perhaps  the  bi-olbuminate  of  soda ;  soluble  caMinc  is  tU 
neutral  albuminate  of  potash  ;  and  fibrine  is  probably  iaaulabll 
albumen,  combined  with  earthy  phosphates.  This  is  porlup*  tba 
most  probable  >'iuw  that  we  oan  take  at  present. 

1.  Albumen.  Tliia  compound  is  found  in  vegetable  jolect 
dissolved,  and  in  some,  indeed  in  most  seeds,  in  the  solid  fona,  as 
in  nuts,  olmonds,  mustard-seed ;  the  emulaine  of  almunda  aod  ■( 
mustard  being  a  form  of  albumen.  It  is  never  found,  howcTcr, 
without  some  of  tlie  other  sangnigenous  compounds,  and  in  n 
seeds  the  proportion  of  albumen  is  smuU,  as  in  the  ocre«la 
leguminous  seeds.  It  is  also  found  dissuhed  in  iho  blood,  is 
jnico  of  flesh,  and  in  other  animal  fluids.  On  the  aoppoMl 
that  one  molecule  of  albumen  contains  2  cqs.  of  sulphur,  (mad  it 
may  contain  more,  but  cannot  contain  less,)  the  latest  analfwa 
lead  to  tlie  empyricol  formula,  Cii«  Ni7  Si  Him  Om  ,  betid* 
phosjilmtes,  though  how  these  ore  arranged  we  know  not.  TW 
albiunen  of  eggs,  or  white  of  eggs,  has  the  tone  formuU,  with 
3  cqs.  of  sulphur  instead  of  2,  and  36  eqs.  of  nitrogen  iiwtiiad«i( 
27,  or  C»w  >'i«  8,  U,^  o„^  and  phosphate*. 
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Albinnen,  in  its  natural  state,  is  soluble  in  cold  water,  nnd 
whilu  of  egg  or  scrum  of  blood  is  simply  a  strong  solutiou  of  it, 
which  in  the  former  case  is  ropy  and  viscid.  Its  distinguishing 
oharaoter  is  coagulability  by  heat.  A  heat  of  140°  to  lOO* 
continued  for  a  short  time,  causes  it  to  coagulate,  and  serum  or 
white  of  egg  becomes  a  solid  moss.  Weaker  solutions  deposit 
the  coagulated  albumen  in  flocculi.  Coagulated  albumen  is  no 
longer  soluble  in  water,  but  \tith  this  exception  it  is  unchanged  in 
Ita  combustible  elements,  and  its  coagulation  probably  depends 
on  the  same  cause  as  the  conversion  of  the  fluid  styrole  by  heat 
into  solid  mulastyrole.  It  is  an  isomeric  transformation. 
Albumen  is  further  coagulated  by  acids,  by  creosote,  by  corrosive 
mblimate,  by  ferrocyanide  of  potassium,  and  by  infusion  of  galls. 
The  purest  albumen  is  obtained  from  white  of  egg  or  the  serum 
of  blood,  by  neutralising  carefully  the  alkali  they  contain  with 
•oetio  acid,  and  then  adding  oold  water,  which  causes  the  depo- 
sition of  tronslncent  flocculi,  which,  when  washed  with  water, 
hare  the  appearance  of  flour  paste.  This,  dried  at  a  gentio 
heat,  is  albumen,  as  pure  as  wo  know  it.  But  even  in  this  state 
it  contains  earthy  and  alkaline  phosphates,  without  which  it 
nerer  exists  in  any  organic  fluid  or  tissue.  If  white  of  egg, 
mixed  with  twice  its  bulk  of  watc-r,  be  pressed  through  a  cloth, 
to  break  the  cells,  and  a  little  subacetate  of  lead  added  to  the 
liquid,  an  abundant  precipitate  is  formed.  This  is  to  be  washed, 
mixed  with  water,  and  decomposed  by  a  current  of  carbonic  acid. 
The  whole  is  filtered,  and  to  the  filtered  liquid  there  is  added  a 
Unr  drops  of  sulphuretted  hydrogen,  and  it  is  wanned  to  about 
140'  F.,  not  more,  when  the  first  flocks  of  albumen  which 
coagulate  carry  down  with  them  the  whole  of  the  sulphnrct  of 
lead.  The  liquid  is  now  again  filtered,  and  evaporated  to  dryness 
at  104°  F.,  when  the  dry  residue  is  soluble  albumen,  said  to  be 
free  from  mineral  matter. 

To  obtain  pure  coagulated  albumen,  mix  white  of  egg  with  ita 
balk  of  water,  filter  und  evaporate  at  104-"  F.  to  the  original  bulk. 
Then  add  a  concentnited  solution  of  caustic  potash  :  the  whole 
■ooa  forms  a  tran^lucid  yellowish  elastic  moss.  This  b  broken  up, 
exhausted  by  cold  water,  aroidin;;  the  contact  of  air.  It  is  then 
dtasolved  in  boiling  water,  or  in  boiling  alcohol,  and  tlie  solution 
pTKipitated  by  acetic  or  phosphoric  acid.  The  precipitote,  if  well 
washed,  is  pure  insoluble  albumen,  and  leares  no  ash  when  burnt. 

Soluble  albumen  thus  purified  is  transparent,  amorphous,  almost 
eolonrleas,  and  tasteless.  It  leaves,  at  most,  a  very  trifling  ash, 
wliiali  is  neutral.  It  dissolves  slowly  in  water  at  a  very  moderate 
beat,  but  not  entirely,  some  part  becoming  insoluble.  Its  oonovn- 
tntt«d  solution  is  ropy,  like  the  white  of  egg.  White  of  egg,  dried 
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in  rocuo,  loaves  tliiitecn  per  cent,  of  ash,  chiefly  ph( 
lime. 

Pure  coagulated  or  insolnblo  albumen  is,  when  drr,  yel 
transparent  like  horn,  and  brittle.  Tlie  solution  of  aolaUe 
albumen  coa^^ulates  entirely  when  hcat«d  to  160°  F.,  or  •  litUt 
more ;  coagulated  albumen  ia  quite  insoluble  in  oold  waltf ; 
boiling  water  diaeolves  it  in  part,  but  alters  it.  If  kept  in  a 
sealed  tube  for  some  time  in  contact  with  water  at  302'  F.,  it 
diaaolves  by  degrees  to  a  clear  liquid,  which  has  lost  the  puwcr  of 
ooag^olating  by  hent. 

Solution  of  albumen  oanaes  the  plane  of  polarisatioa  t«  deTUto 
to  the  left. 

When  it  putrifiea,  albumen  yields,  among  other  products, 
sulphuretted  hydrogen  or  sulpburet  of  aramoniam,  as  is  obsenrd 
in  the  putrefaction  of  eggs.  Among  the  other  products  it* 
valerianic  and  bntyrio  acids,  a  crystalline  body  of  tt  poagMtt 
odour ;  an  oily  ncid,  and  a  peculiar  substance,  which  diaaolTM  in 
liydrochloric  ncid  with  a  fine  violet  colour,  yielding  tyrosine  with 
other  substances.  When  heated  it  bums  with  the  odonr  of  bunit 
bom  or  feathers.  When  heated  with  dry  canstio  potash,  till 
hydrogen  begins  to  come  off,  it  is  partially  oxidised,  prododaf 
leucine  and  tyrosine,  and  in  the  addition  of  an  acid,  yicUij 
offensive  volatile  products  not  yet  examined,  the  odoor  of 
is  stercoraccous.  When  more  fully  oxidised  by  salphurie  MJd 
and  peroxide  of  manganese  or  bichromate  of  potash,  it  ykU* 
oil  of  bitter  almonds,  benzoic  acid,  various  aldehydes,  C«II*  — ■• 
0,  H  0 ;  various  volatile  aci(Js,  (Ca  H>)i  0<;  and  wiaa* 
nitryles,  such  as  hydrocyanic  acid  or  formonitryle,  H  Cy  or  f t 
n  N  ;  acetonitryle  or  cyanide  of  methyle,  0-4  1I>  N,  or  C»  Hi 
Ci  N  ;  valcronitrylc,  &c.,  &c.  :  besides  other  pruducta  not 
investigated,  by  the  study  of  all  of  which  we  shall  in  time  nnr*' 
its  verj-  complex  constitution. 

The  emulsine  of  almonds  is  a  variety  of  albumen,  vitk 
it  agrees  closely  in  properties.  Its  chief  peculiarity  ia 
capable  of  causing  that  peeulior  fermentation  in  amyL 
which  the  oil  of  bitter  almonds  is  formed.  It  also  acts  oa  m 
to  salicine.  In  doing  this,  it,  like  other  ferments,  acts  ia 
of  a  state  of  decomposition,  oommenoxl  by  the  oxygen  of  the 
atmosphere,  but  it  is  the  only  ferment  yet  known  which  Mta  08 
amygdaline.  The  emulsine  of  sweet  almonds  is  the  aune  u  thai 
of  hitter  nlmonds.  Diastase,  the  ferment  in  malt,  is  alao  •Unudm 
in  a  state  of  di'composition. 

Tlio  emulsive  or  nlbuminons  matter  of  muttard  seed  is  amirtMr 
▼Wtcty  of  albumen,  capable  of  acting  as  a  fmnent  on  that 
OOmpoimd  which  yields  the  oil  of  mustard. 
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Tlie  eomposition  of  alhnmen  is  not  positively  known.  We  have 
given  the  formula  ■which  appears  best  to  represent  the  results  of 
analysis.  But  it  may  be  mentioned  here,  that  Lieberkiihn  proposes 
the  formula  Cim  Hm  Ni»  Si  Om;  while  Hunt  thinks  that  the  sul- 
phur in  it  replaces  part  of  the  oxygen  in  a  hypothetical  componnd 
Cn  Hjt  N»  0«  which  is  supposed  f  o  be  derived  from  2  eqs,  of  cel- 
lulose or  of  starch,  2  (CnHioOio)  with  3  eqs.  of  ammonia,  3  N  Hi , 
by  tlie  separation  of  12  eqs.  of  water.  Thus,  2  (Cii  Hm  Oio  )  + 
3>'Hi— 12HO=C«HitNjO«.     If  1  eq.  of  oiygen  be  replaced 

by  sulphur,  then  we  have  ^**  ^"  ^'  ^  |  •  This  multipUed  by  0, 

would  give  CiM  Hio»  Ni»  8»  0«  ,  which  agrees  well  enough  with 
the  preceding  in  the  carbon,  nitrogen,  and  oiygen,  but  has  too 
little  hydrogen,  and  too  much  sulphur  by  far.  On  this  account 
Hunt's  idea  must  be  regarded  as  very  doubtful,  since  we  can 
hardly  suppose  sulphur  to  replace  less  than  1  eq.  of  oxygen  in  the 
supposed  compound.  All  chemists  agree,  however,  in  giving  to 
albumen  a  complex  formula. 

WLile  white  of  egg  is  very  carefully  neutralised  by  acetic  acid, 
and  then  much  diluted,  it  deposits,  on  standing,  albumen  in  a 
flocculent  shape.  This  precipitate  dissolves  readily  in  solution  of 
salt  or  of  nitre,  and  the  solution  coagulates  with  heat.  When  we 
add  to  scrum  or  white  of  egg  a  certain  amount  of  a  neutral  salt, 
it  becomes  precipitoble  by  those  acids,  such  as  phosphoric,  acetic, 
oxalic,  &c.,  which  had  previously  no  effect.  And  if  to  a  solution 
of  albumen  in  acetic  acid  we  add  a  neutral  salt,  the  albumen 
becomes  more  easily  coagulablc  by  heat.  So  that  elevotion  of 
tiTii]i(>mtnre  and  increase  of  saline  matter,  both  contribute  to  the 
lorniation  of  insoluble  albumen,  and  probably  to  the  construction 
of  tissues  in  the  animal  body. 

Albumen  seems  to  be  a  weak  acid,  and  is  supposed  to  be  biliasic. 
Caustic  potosh,  addtd  to  white  of  egg,  converts  it  into  a  gelatinous 
maas.  This,  if  washed  with  watvr,  is  soluble  in  boiling  water  and 
boiling  alcohol.  Its  solution  is  nut  coagulated  by  heat,  but  acids 
cause  an  abundant  coagulum,  soluble  in  excess  of  acid.  These 
are  tlie  characters  of  cascine,  and  it  is  quite  possible  that  caaeine 
may  be  this  albuminate  of  potash.  If  the  gelatinous  moBS  be 
washed  with  oold  water,  dissolved  in  hot  alcohol,  precipitated  by 
ether,  the  precipitate  dried,  powdered,  and  thoroughly  washed 
with  water,  we  obtain  an  insoluble  albuminate  of  potash,  which  con- 
tains O-.")  per  cent,  of  potash,  that  is,  2  eqs.  for  Cii4  in  the  albumen. 

Albuminate  of  soda  api>ears  to  be  the  compound  present  in 
serum  and  white  of  egg.  It  is  now  thought  probable  that  it  is 
an  acid  albuminate,  that  is,  a  salt  with  1  c(i.  fixed  base,  to  I  cq. 
of  a  bibosic  acid.  When  boiled,  it  is  resolved  into  albumon,  which 
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ooi\(p>Iatc8  and  is  found  to  oonUin  no  alkali,  and  neutnJ  klbtani- 
nate  of  soda,  which  remains  dissolved.  Caustic  soda  form*  with 
vliite  of  egg  a  gelatinous  albuminate,  solublo  like  that  of  potMb, 
vhiuh  i^ecms  to  be  the  neutral  salt  just  mentioned,  with  'i  eqi.of 
soda.  VTliite  of  egg  contains  1-0  per  oent.,  the  soluble  or  ni-utnl 
albuminate  contains  3'7  per  oent.  of  soda,  and  these  nuabto 
agree  with  the  calculation  from  1  eq.  and  2  eqs.  of  soda  tot, 
albumen,  Cim  Huo  Nai  Ni»  S»  O**  -|-  2  aq.  We  havo 
stated  that  this  formula  for  albumen  is  not  certain,  bat  yet  it 
not  far  from  the  truth  as  to  the  relative  proportions.  The  alba- 
minatc  of  mercury  is  insoluble  as  well  as  that  of  copper.  HenM, 
white  of  egg  is  used  as  an  antidote  in  oasca  of  poisoning  \iy  talU 
of  thcge  metals. 

Fibrins.  This  compound  is  found  in  Tegetablc  juices, 
deposit  it  spontaneously  on  standing;  that  is,  it  spool 
coagulates.  It  is  found  also  in  seeds,  especially  tltoao 
cereals,  and  in  smaller  quantity  in  other  seeds.  It  oooun  dis- 
solved in  blood,  and  is  spontaneously  coagulated  on  standing, 
when  it  includes  the  red  globules,  and  forms  the  clot ;  bat  if 
the  blood  be  stirred  when  drawn,  it  is  obtained  free  fram  tfas 
globules,  and  white.  It  constitutes  also  the  cliief  part  ol 
muscular  fibre.  Fibrine  is  best  obtained  from  blood,  by  bsattsg 
with  a  bundle  of  rods,  to  which  it  adheres  in  strings.  Hum  ■!« 
plaoed  in  a  current  of  water  for  some  time  to  wash  away  the  blood 
globules.  Those  parts  which  still  appear  red  are  picked  out,  sad 
the  residue  placed  in  water  to  wliich  a  few  drops  of  aoetio  acid 
have  been  added.  Here  it  swelb  up  into  a  translucent  omm^  ia 
which  impurities  are  easily  seen  and  removed.  The  dean 
is  again  washed  to  remove  the  acid,  when  it  shrinks  to  its 
bulk,  and  acquires  its  fibrous  aspect.  It  still  contains  fatty 
and  water  ;  the  fat  is  removed  by  drying  it  and  boiling 
alcohol  and  ether.  It  is  also  found  dissolved  in  chyle  and  I; 
It  is  characterised  by  its  spontaueous  coagulation  from  ita 
solutions,   after    which    it    is    quite    insoluble,    and 

coagulated  albumen ;  and  the  composition  of  the  pure  

flesh  and  of  flour  is  the  same  as  that  of  blood  albumca  m  BM^ 
I  fts  can  be  ascertained,  although  we  cannot  yet  say  that  Uitjr  in 
absolutely  isomeric,  because  the  amount  of  phosphate*  majr  diftr. 
'  The  composition  of  blood  fibrine  is  said  to  bo  different  in  th« 
I  phates.  Fibrine  from  wheat-flour,  and  fibrine  of  musdo, 
I  dissolve  in  weak  hydrochloric  acid  (1  drop  to  an  oonoo  of 
ferming  a  turbid  fluid,  in  which  common  salt  oausts  ooagi^ 
[Fibrine  of  blood,  in  the  same  acid,  swells  up  to  a  beautifitl  __ 
(•ut  does  not  dissolve,  probably  on  account  of  some  difliraeet  ia 
rthe  phosphates.    Coagulated  fibrine,  whether  vegetable  or  oBfaBal, 
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HM  covered  with  water  and  left  to  itself,  oodergoes  «  ehang« ; 
m  small  part  of  it  putriiies,  and  the  rest  is  dissolved.  The  liqaid, 
freed  from  fat  by  nitration,  now  contains  albumen,  coagnlable  by 
heat  and  acids ;  and  this  is  accounted  for  by  the  fact,  that  the 
i>{^>ortion  of  the  organic  elements  is  the  same  In  both. 
It  must  be  remembered,  that  fibrine,  as  obtained  from  blood,  or 
or  in  any  other  way,  is  always  in  the  insoluble  or  coo^pilated 
;  for  we  cannot  preserve  it  in  the  soluble  form  in  which  it 
I  in  blood,  in  vegetable  juices,  and  probably  also  in  flesh.  It 
supposed  that  the  rigidity  which  occurs  in  the  muscles  soon 
after  death,  depends  on  the  fibrine  of  the  muscle*  passing  into  the 
insoluble  state.  At  all  events,  the  fibrine  of  flesh,  as  soon  as  we 
can  obtain  it,  is  insolnble ;  nor  con  we  at  all  explain  why  the 
dissolved  fibrine  becomes  insoluble. 

It  appears  that  fibrine  is  not,  or  at  least  not  always,  homogeneous; 
for  it  may  be  divided  into  two  parts  by  crystollisuble  acetic  acid, 
and  the  microscope  shows  both  fibres  and  a  granular  matter,  the 
latter  being  soluble  in  the  acetic  acid,  the  former  only  swelling  up 
to  a  jelly.  But  oa  some  specimens  ore  entirely  dissolved,  and 
others  hardly  at  all,  it  is  probable  that  these  two  substances  ore 
mixed  in  variable  proportions.  They  must  be  nearly  alike  in 
BItosition,  for  the  analysis  of  fibrine  gives  numbers  almost 
ctJy  the  tame  as  those  of  albumen,  but  varying,  within  certain 
>  or  more. 
I  action  of  neutral  salts,  aided  by  a  little  alkali,  fibrine  >• 
1,  and  the  solution  has  the  properties  of  albumen. 
I  is  the  name  given  to  the  azutised  matter  of  grain,  which 
I  to  be  a  mixture  of  fibrine  with  glutine,  anozotiscd  substance 
in  oleohol.  Oluten  is  distinguished  fur  the  facility  with 
tptaaes,  •■  in  malt,  into  the  state  of  a  soluble  ferment, 
and  this  again  for  its  energetic  action  on  starch,  of 
which  2000  parts  may  be  converted  into  glucose  by  1  of  diastase. 
"Jut  OS  the  same  cflVot  is  produced  by  contact  with  putrid  flesh,  yeast, 
■trie  juice,  and  animal  membranes,  it  is  probable  that  diastase  it 
^distiuctooraiiouud,  but  only  soluble  fibrine  in  a  stato  of  change, 
[iroduota  of  ducurnpoaition  of  fibrine  resemble  thow  of 
but  it  ap|>ears  that  fibrine  more  readily  undergoet 
action,  when  boiled  with  strong  potash,  or  heated  to  • 
■in  point  with  dry  potash,  by  which  tyrosine  and  leucine  art 
Tlie  volatile  products  of  oxiJation  are  the  sumo  as 
I  of  albumen.  Tlie  products  of  the  putrefaction  of  fibrine  srt 
{TCciMly  tlie  same  as  iu  tlie  ease  of  albumen. 

Iituein*,  Cu  N  IIi>  Ot,  has  been  already  mentioned,  as  home- 
loHOW  with  glyoocine  and  alanine,  and  has  the  same  rvtution  to 
'crionio  acid  as  they  hare  to  formic  and  acetic  aoids,  or  rather 
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the  same  relation  to  valeraldeliyde  as  they  hare  to  formaUehjiia 
and  aldehyde,  C.i  N  Hia  0.=  Ci  N  U  +  Co  Iho  Oi  +  2  H  0. 
It  ctyBtallisca  in  scales*,  which  are  volatile,  and  nhen  b«*t«d  \ 
potash  yields  valerianic  acid,  carbonic  acid,  und  hydrogen. 

Cu  N  Hu  0.  -f-  8  (KO,  HO)  =  KO,  Cio  H>  CK  -«-  N  H*  -t-  S  (KO.  OOi)  +%> 


Leudoo. 


Viilnrl«niiUi  <rf  PotMh. 


Leucine  has  been  detected  in  the  lirer  of  the  ealf,  m  • 
product. 

Leucine  is  isometio  with  such  a  compound  as  would  1m  tiMMtti 
by  the  combination  of  1  eq.  cyanic  acid,  1  eq.  oxide  of  nrnflt, 
and  2  eqs.  water,  Cis  N  Hu  0.  =  C  N  0  +  Cio  Hi.  0  +  3  11  0. 
But  when  oyanio  acid  acts  on  hydrated  oxide  of  amyle,  it  yudd* 
allophaoate  of  oxide  of  amyle,  Cu  Nt  H>»  0«  ^  Cio  II»»  0  -f 
C«  Ni  Hi  Os,  which  is  a  crystalline  compound  quite 
from  leucine.  And  when  cyanate  of  potash  is  distilled 
tulphamylate  of  potash,  there  are  funned  cyanate  of 
amyle,  and  its  polymeric  cyanurate  of  oxide  of  amyle,  Cw  Hu 
O,  Ct  N  O,  and  3  (Cia  Hn  O)  +  C«  N>  Oi ;  both  alao  ditfioct 
from  leucine,  the  former  being  Cii  N  Hu  0> ,  and  the  latter  thfW 
times  that  formula.  There  can  bo  little  doubt>  theieforo,  dtfi 
leucine  is  really  the  homologuc  of  glycocine  and  alanine,  and  that 
with  hyponitroua  acid  it  will  yield  the  leuoio  aoid,  Cu  lluUt, 
homologous  with  glycolio  and  lactic  acids;  as  also  that  it  will 
form  a  benzoleucic  acid,  C*»  Hi»  Oio  =  Cm  Ht<  Os ,  2  U  O,  bnmih 
logous  with  bcuzoglyoolio  and  benzolactio  acids.  The  iMl 
method  of  preparing  leucine  wUl  be  presently  described,  aleag 
with  that  for  tyronine.  Leucine  is  found  amuug  the  product*  ui 
the  ]iutrcfaclion  of  fibrinc,  as  well  as  of  albumen.  Lenciiw  i* 
also  isomeric  with  amylu-urcUiane,  or  carbamate  of  oxide  of  amyl*. 

l\/roiin«.  Cm  N  Hu  Os,  is  formed  along  with  Icncinc  ■adolW 
compoonds  not  yet  investigated,  when  to  fused  caustic  potaah  ID 
equal  weight  of  dry  tibrine  is  added,  and  the  mixturv,  whioh 
froths  much,  is  heated  till  the  colour  changes  Irom  dark  browa 
to  yellow.  The  mass  is  then  dissoh  cd  in  water,  neutralistd  with 
Metic  acid,  aud,  after  filtration,  allowed  to  cool.  Tyrusina  It 
deposited  in  concentric  groups  of  needles.  The  motlur  liqniif 
on  further  evaporation,  yields  leucine,  which  is  puhiied  by  maau 
of  aloohul,  in  which  it  dissolves  along  vrith  potash,  which  ii 
separated  by  adding  sulphuric  acid.  The  alcoholic  aolation  is 
evaporated,  the  residue  dissolved  in  water,  and  then  treatod  wilh 
kcctate  of  lead  to  remove  sulphuric  acid,  and  with  sulpbunttcd 
iydrogin  to  remova  lew),  and  the  liquid  on  evaporatioo  jviit 
crystals  of  leucine.     Both  leucine  and  tyrosine  are  mlao  A 
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fbea  albumen  or  fibriae  is  boiled  for  six  or  eight  hours  with  4 

5  parts  of  strong  hydrochloric  aoid,  or  with  sulphuric  acid 

luted  with  4  puts  of  water.     The  solution  is  evaporated  in  the 

kter-bath,  the  residue  dissolved  in  water,  mixed   with  excess 

'  of  lime,  boiled  to  expel  ammonia,  and  tillered.      The  liquid  on 

evaporation  yields  a  sjTupy  mass  with  crystals.     Alcohol  of  86 

per  cent,  dissolves  the  syrup  and  leaves  the  crystals,  consisting 

of  leucine  and  tyrosine,  which  are  separated  by  their  different 

solubility  in  wat^r.     It  is  to  bo  observed  that  acids  produce  a 

I      third    ciystaUino  body,   resembling  leucine   and    tyrosine,    but 

^■liffurent  from  both.     These  two  substances  are  also  formed  in 

^Bb«  putrefaction  of  fibrine,  &c.,  along  with  a  peculiar  volatile 

^Btjstaliine  body,  having  a  penetrating  and  putrid  smc^U,  but  not 

^^pei  analysed.    When  leucine  putrifies,  it  yields  valeriouic  acid 

and  ammonia,   with  other  products.     Tho  formation  of  leucine 

^ipean  to  precede  that  of  tyTosine   (Bopp).      Hinterberger  has 

iceently  shown  that  tyrosine   is   also  obtained  by  the  action  of 

potaah  or  sulphuric  acid   on  horn,   and  in  a  larger  proportion 

than  from  fibrine,  with  less  leucine.     liom  yields  almost  1  per 

oent.  of  its  weight  of  pure  dry  tyrosine.     Warren  de  la  Rue  has 

found  tyrosine  in  cochineal,   so  that  it  is  a  nataral  product  of 

animal  life. 

Tyrosine  forms  long  fibrous  cystals,  sparingly  soluble  in  cold 

!  and  alcohol,  more  soluble  in  hot  water.     It  is  evidently  a 

noe  of   a   very  peculiar  nature,   and  must  be  thoroughly 

ated.     In   composition,    tjrrosine,  Cm  N  Uii  Oo,   comes 

earost  to  hippurio  a^iid,  Cis  N  Ha  Oa;    but  we  have,   as  yet, 

experiments  to  show  any  practical  relation  between  them. 

liie  is  neutral,  but   it  is   capable  of  uniliug  with   basea. 

Then  aott'd  on  by  diluted  nitric  aoid,  it  yields  a  new  compound, 

1  ?«■»  Jill  Oi    =  Ci«  N  ilii  Oo  +  2  N  0».    It  is  not,  however, 

oompound  of  tyrosine  and  nitrio  acid,  but  of  nitric  aoid  1  eq. 

fand  nitrotjTosine  1  cq.     Ci»  X.  Uu  On  =  Ci»  Nj^^^  |    0«  -f 

K  0»,  n  O,     The  first  group  of  the  last  formula,  nitrutyrosine, 

in  which  1   eq.  of  hydrogen  is  replaced  by   1  cq.  of 

acid.     It  hos,   in  a  higher  degree   than  tyrosine  itself, 

btthio  properties,  and  combines  not  only  with  nitrio,  but 

ith  sul|ihurio   and   hydrochloric   acids.      But  it  ulso  combines 

»ith  oxide  of  silver,  in  tho  proportion  of  2  «|s.  of  nitrotyrosino 

I  3  of  oxide  of  silver.     NitrotyrosLne  forms  yellow  crystals. 

Leucine   and  tyrosine  have  hero  been  desoribi-d  an  products  of 

dvo()(uiK»ition  uf  tibrinu  ;    but  it  must  be  remenibtrcd,  that 

ey    arc    also    obtained     in    the    dcoumposition    of    albumen, 

'taaviuo,  and  hum,  by  the  action  of  olkolius  and  uf  auids,  and  by 
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puti«fatction.  They  are  mteretting,  bcokuse  the  fact  that 
I  Occur  in  so  many  w«y»,  is  a  firoof  either  that  tliey  fonu  two  m 
the  pnucimate  conatitaeats  of  aanguigenouc  mattet,  or  tiut  thiff 
enter  into  the  comiwsition  of  «uch  proximate  oonsUtoeata,  '^'"^ 
are  nut  yet  known.  They  are  oertoinly  some  of  the  int 
IpHxluota  of  the  destruction  of  aniioal  tiisuea,  betwaani 
aanguigenous  bodies  at  one  extreme,  and  the  still  leas  oe) 
excreted  compounds,  such  as  uric  acid,  hippuric  acid, 
kreatiue,  krealinine,  &c.,  and  are  rather  too  near  the 
be  the  true  proximate  oonstituents  of  sanguigenoua  matter. 

Oaseine.  This,  the  third  great  form  of  sanguigenoua 
is,  like  the  two  already  described,  found  in  regetables,  ohitfly  ia 
leeds,  and  in  largest  proportion  in  le^i^uminous  seeds  ;  hence  it  b 
I  aometimes  called  legumine.  In  the  animal  kingdom  it  ia  chidly 
found  dissolved  in  mUk,  as  it  ia  in  smaller  proportion  ia 
vegetable  juioes.  It  is  distinguished  from  librine  and  i  "" 
by  its  nut  coagulating  either  spontaneously  or  by  beat,  and 
forming  a  skin  when  its  solutiuD  ia  evaporated.  Ita  formula  (on 
the  supposition  of  '2  eqs.  of  sulphur)  is  said  by  Liebig  to  be  (^ 
Nu  Si  Hns  Ot«,  with  phosphates,  and  there  is  no 
between  vegetable  and  animal  caseine.  Gerhardt  and 
chemiMs  consider  caseine  as  the  albuminate  of  potaab, 
insoluble  or  coagulated  caseiue  as  isomeric  with  Blbum«a. 
latter  view  explains  very  easily  the  ready  conversion  of  oaa 
the  other  in  plants  or  animals  ;  but  Licbig's  view,  as  we  ilmU4 
may  also  be  so  applied  as  to  explain  this  remarkable  fact, 
is  not  coagulated  by  heat,  but  is  ooagulati.>d  by  diluta 
which  are  unable  to  coagulate  albumen.  It  is  easily 
by  alkalies. 

In  milk,  which  is  alkaline,  caseine  is  dissolved,  along 
sugar  of  milk,  salts,  and  sttspemled  oil  or  butt«r.  >VbMS  milk 
turns  sour,  its  alkali  is  gradually  neutralised  and  overpawend 
by  lactic  acid,  produced  by  the  fermentation  of  sugar  of  milk, 
and  the  caseine  at  lust  conguhites  from  the  presencv  of  brt 
aoid.  It  is  absolutely  certain  that  caseine,  in  the  animal  body, 
can  yield  albumen  and  iibrinc,  because  young  animals,  fad  M  I 
milk  aluue,  produce  blood  and  muscle,  and  milk  ooBb 
other  aanguigenous  compound  Uian  oaseine.  Cheese  ia 
lated  and  pressed  caseine,  and  when  made  from  waU-a*^ 
milk,  is  nearly  pure  ;  but  that  made  from  sweet  milk  or 
contains  aUu  much  butter.  The  infusion  of  tho  lima; 
bruue  of  a  calf  s  fourth  stomach,  or  rennet,  oa  it  is  called,  < 
lllbumeu  or  some  other  substance  of  a  like  nature,  in  a 
Y,  thut  is,  of  decomposition.  It  acts  on  the  angar  ia  i 
ITtrta  a  {Jtirt  of  it  into  lactic  acid,  and  thus  cauaea  ooagoIalkB;  I 
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t  as  curd  u  ibrraed  before  the  milk  lias  become  sour,  we  most 
fer  either  that  the  coseino  coa^latea  as  soon  oa  the  milk 
neutral,  or  that  the  ferment  or  rennet  coagulates  it  by  an 
of  contact.  Perhaps  both  ore  true.  Nay,  it  has  been  found 
milk,  even  when  made  distinctly  alkaline,  coagulates  with 
nnet  if  warmed  rather  more  than  without  the  alkali.  Indeed, 
would  appear  that  the  curd,  a  coagulated  coseiue,  is  a  compound 
coseine  with  phosphate  of  lime.  For  if  an  acid  be  cautiously 
addtd,  so  as  juat  to  neutralise  the  alkali,  the  milk  remains  liquid, 
but  coagulates  on  boiling,  and  this  curd  is  like  that  from  rennet, 
insoluble  in  alkaline  solutions,  in  wliich  pure  caseine  is  soluble. 
Ctseine  is  the  proper  ferment  fur  the  lactic  and  butyric  fermen- 
tation, as  libriue  or  gluUin  is  for  the  vinous  fermentation.  The 
oaseioe  of  |ieas  and  beans  h  obtained  by  rubbing  up  the  seeds 
th  water,  and  allowing  the  starch  to  settle.  \Vc  have  then  a 
utiou  of  caseine,  turbid,  and,  but  fur  the  absence  of  butt«r 
■agar,  hardly  to  be  distinguished  from  skimmed  milk.  The 
eaa  make  cheese  from  peas  and  beans,  and  coagulate  it  by 
nnet.  This  cheese,  when  it  decays  or  putriJies,  acquires  the 
icnlior  smell  and  taste  which  characterise  the  cheese  from  milk 
in  the  same  states.  Fresh  cheese  is  tasteless,  save  for  the  butter 
in  it ;  but  on  keeping,  oily  acids,  such  as  butyric  and  valerianic 
ids,  und  ammonia,  are  slowly  formed,  and  hence  the  strong 
vour  of  old  cheese.  (See  MiUi  and  Cheete.) 
The  products  of  the  decomposition  of  caseine  are  almost 
tly  Uio  some  as  those  of  albumen  and  tibrine,  whether  it  be 
composed  by  alkalies,  by  acids,  or  by  putrefaction ;  for  it  yields 
le,  tyrosine,  benzoic  acid,  hyduret  of  bcuzoyle,  varioiu 
lydea  and  volatile  acids,  and  several  nitryles,  such  ai 
lydrocyauic  acid,  or  formonitryle,  acetouitrylo,  and  valeronitryle. 
Besides  all  these,  there  are,  as  in  albumen  and  hbriue,  many 
len  not  yet  fully  studied. 

Such  is  a  brief  account  of  the  chief  sanguigenous  compounds, 
4  of  the  produota  of  their  decomposition.     Some   other  sub- 
ces,  occasionally  described  with  these,  appear  to  be  simply 
pure   albumen,   tibrine,  or  caseine.     Such  are  Fuiiglne,  from 
ush  rooms  ;   OliaJine,  the  viscid  portion  of  the  gluten  of  wheat- 
lur  ;  and  Diastase,  the  supposed  active  principle  of  umlt,  which 
averts  starch  into  sugar.     It  is  libriae  in  a  state  of  uhougc, 
its  action  on  sugar  depends  on  tliat  state,  which  is  induced 
Iten  grain  is  moistened  and  allowed  to  germinate,  as  in  malting. 
it  substance  of  horn,  fealhara,  and  hair,  seems  to  bu  a  medi- 
ation of  coagulated  albumen,     It  is  no  luuger  tit  for  sanguihoa- 
ion  p«rha[>i  from  its  insolubility  :  but  tlio  products  of  its  decom- 
ore  komilar  to  those  of  sangtiigonous  matter.     Anuria/ 


506 


FERMENTATION. 


muctu  much  resembles  albumen,  when  dried.     It  then  (wrib  j 
if  moistened,  like  gum  tragaoanth.     It  forms  n  precipitate  witi 
piorio  acid.     Like  albumen  and  tibrine  it  oontaina  sulphur,  and 
it  is  B  powerful  ferment,  aa  ia  seen  in  bile  and  urine,  both  «( 
which  putrify  when  left  in  contact  with  the  mucus  of  the  gall- 
bladder or  of  the  urinary  bladder,  but  do  not  undergo  (mtn* 
favtiou  or  fermentation,  if  the  mucus  be  removed.     Gtotmliu, 
the  colourless  azotiaed  matter  of  tlie  blood  globules,  also  (bund  in 
the  crystalline  humour  of  the  eye,  is  another  albuminous  o«a- 
pound,  very  nearly  related  to  albumen.     Fibroine  is  tlie  BUM 
given  to  an  albuminous  substance  found  in  silk  and  in  apongt. 
1-Vitelline  is  the  albuminous  matter  of  the  yolk  of  egg».     Jekthim 
is  that  of  the  yolk  of  the  ova  of  cartilaginous  fishes.     Emydmt  \t 
that  of  the  yolk  of  the  turtle's  eggs.     Vryitallohemaiim*  b  t 
,  crystalline  substance,  generally  red,  but  colourless  wfaea  port, 
'  found  in  the  blood  of  certain  animals,  esiiecially  of  rodeatia  and 
oamivora.     It  is  an  azotised  comiwund,  but  its  exact  compoatttoa 
is  not  yet  known.     It  is  very   easily  altered,   and  eaonot  b« 
recrystallised  from  its  solution. 

The  most  interesting  fact  connected  with  eanguigenoQi  bodies 
is,  their  mutual  convertibility.  Any  one  of  the  three  is  oafiabia 
of  forming  the  two  others  in  the  body,  for  animals  can  liva  oa 
milk,  on  eggs  or  blood,  and  on  flour  or  mu&cle,  which  rc«pectiWjr 
contain,  almost  no  sanguigeuous  matter,  but  coselne,  albs 
and  iibrine.  The  apparent  isomerism  of  the  fibrins  of 
and  flour,  with  the  albumen  of  blood,  is  also  very  imp 
especially  as  we  can  now  convert  that  fibrino  into  ■Ibnairil 
artificially. 

When  a  vegetable  juice,  containing  one  or  taem  nt 
compounds  along  with  sugar,  is  exposed  to  the  air,  oxj 
absorbed,  and  a  change'  is  commenced  in  the  albumen,  flbna*, 
vaseine,  gluten,  &c.,  which  ia  soon  communicated  to  tho  sugar, 
causing  it  to  undergo  the  vinous  fermentation.  The  tcmperaton 
rises,  and  ocoasionall}'  the  viscous  fermentation  takaa  piaM, 
producing  lactic  acid,  gum,  and  mannite.  During  fermentatioii, 
a  grey  deposit  is  furmed  ;  this  is  yeast  or  ferment.  Whm  l 
whole  of  the  azotised  principles  have  nut  tieen  deooiB| 
rendered  insoluble,  the  liquid,  if  excluded  from  air, 
without  further  change ;  but  if  air  be  admitted,  the  i 
converted  into  acetic  acid,  oxygen  being  absorbed  by  tb«  i 
matters,  the  contact  of  which  causes  the  alcohol  also  to  i 
oxygen.  When  the  sugar  is  in  excess,  only  part  of  it  is  ( 
into  alcoliol,  und  part  of  the  azotised  matter  takes  th«  I 
insoluble  vi<ii9t,  the  rest  being  dcoomposed.  The  ucchario*  I 
P »piriUioui. liquid  undirgves  uo  further  alteration.     All  tiut  i ' 
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lenta  apply  to  the  juioe  of  the  grape,  and  to  the  formation 
wines  and  vinegar.  It  has  been  already  meatiuned  that  grape 
juice  doea  not  furment  if  air,  filtered  through  cotton  or  asbestos, 
be  supplied  to  it ;  and  that  when  unhltered  air  is  admitted, 
fermentation  occurs,  accompanied  by  the  development  of  minute 
oellulor  plants  or  fuugi.  It  would  appear  that  the  germ  of  these 
obtain  access  and  hnd  their  proper  pabulum  in  the  juice.  Some 
infusions,  as  that  of  meat,  however,  ferment  even  when  supplied 
with  filtered  air.  The  presence  of  the  germs  is  not  pcrhapa 
casential,  but  it  may  assist  in  oommeDcing  the  change,  which,  when 
begun,  continues  till  either  the  ferment  or  the  sugar  is 
posed. 
When  the  juioe,  as  that  of  the  grape,  contains  tartaric  acid, 
hers  are  formed,  which  give  tlie  liquid  a  peculiar  smell  and 
KTOur,  such  as  conanthic  ether,  which  is  oharactcristio  of  all 
es.  When  a  juice  contains  sugar  and  cuseine,  it  is  most  apt 
undergo  the  lactic  fennentatiun,  or  at  least  tlte  caseine 
voura  the  prodoction  of  lactic  acid  from  the  sugar.  But  at  a 
,gh  temperature,  such  as  100^,  butyric  acid  is  formed,  instead 
if  lactic  acid. 
Vegetable  fibrine,  as  it  is  found  in  wheat-flour,  is  subject  to 
iDtinuol  alteration  by  contact  with  water ;  and  in  this  state  it 
tlie  singular  property  of  converting  starch  into  dextrine,  a 
soluble  gum,  and  then  into  sugar.  This  remarkable  power  is 
bast  seen  in  germinating  grain,  as  in  malt,  of  which  a  small  port 
mixed  with  a  large  quantity  of  starch  in  a  thick  paste,  and 
warmed  to  150°  or  160°,  very  soon  renders  the  whole  quite  fluid 
and  dissolved,  and  finally  oonverta  it  into  grape  sugar.  That 
of  the  fibrine  whieli  acts  on  the  starch  has  become  soluble  in 
ater.     It  i&  called  diaataae. 

Diastxise  is  made   by   rubbing   up   malt  with  a  little  water, 

expre»!>ing  the  mixture,  adding  just  enough  alcohol  to  separate 

the   albumen,  and  to    allow   tlio   liquid  to  filter.     The  filtered 

liquid  mixed    with    more   alcohol,  deposits   the  diastase.     It  is 

lurified  by  being  repeatedly  dissolved  in  water  aud  precipitated 

ly  alcohol.     It  is  finally  dried  at  a  temperature  of  100°  or  110*. 

prejiared,  diastase   cannot   be   a   puie   oomiraund,    but   it 

IS  in  a  high  degree  tlio  iwwer  of  promotiug  the  solution 

rob,  that  is,  its  conversion  into  dextrine  aud  sugar.     One 

of  diastase  can  convert  into  dextrine,  with  a  little  sugar,  no 

than   2000  parts  of  starch.     Diastase  is  evidently  fibrine 

and  still  more  prone  to  change.     Its  solution  cannot  bt 

it  l>evumes  acid,  and  loses  its  action  on  starch. 

Slalt  is  made    by  softouing  barley  in   waU^r,  and   then  ex- 

g  it  to  the  air  in  moderately  tliiuk  layers,  at  a  moderate 


^part 
^■krate 


SOS 


BBEE. — SPIRITS. 


(ietaii>oi7dM|M 
tor  and  Mim^ 


tempernturo,  turning  it  frequently.  In  about  four  days  the  i 
germinate,  if  they  have  not  been  allowed  to  become  too  hot,  toil 
if  the  air  Las  had  free  acwss,  A«  soon  a«  th«  perm  bai 
acquired  tlie  length   of  the  seed,  the  oi^ration   is  eliM-kcd  by 

'  drj'ing  the  seeds  in  a  coirent  of  warm  air.     They  now  constitQt* 

~  It,  In  this  operation  much  carbonic  aoid  is  giren  off,  oTTg;«o 
being  no  doubt  absorbed ;  the  ozotiscd  matter  in  the  seed*  hu 
uudergono  a  change,  and  has  acquired  the  pru|)vrtios  of  diaatCM; 
and  the  starch  has  in  port  disappeared,  its  place  being  rapiiIM 
by  grape  sugar  and  dextrine. 

When  the  malt  is  iufaeed  in  warm  water,  the  mo 
of  the  starch  is  completed,  and  the  whole  dextrine  ] 
■agar,  which  dissolves,  along  with  extractive  matter 

I  The  solution  is  called  mutt.  When  sufficiently  ooncentmttd, 
Lops  and  yeast  are  added,  and  fermentation  being  carried  on,  tli* 
result  is  6<-<rr  or  al«,  according  to  the  strength  of  the  must.  Whsa 
the  molt  has  been  in  part  roasted,  the  beer  beoomoa  Very  dark- 
coloured,  as  in  the  case  of  jtnrter. 

To  obtain  grain  spirit,  the  meal,  either  of  barley,  oats,  or  ryv, 
or  a  mixture,  is  digested  in  warm  water  along  with  I  part  of 
malt  for  4  of  meal,  till  the  moss,  at  first  thick,  beoomes  floid,  a 
proof  that  all  the  starch  has  been  metamor]>hoscd.  YeMi  il 
then  added,  and,  after  fermentntion,  the  must,  or  trort  as  it  ii 
called,  is  distilled  and  rectified.  Potato  spirit  is  obtaiMd  io 
the  same  way,  only  using  potato  starch,  instead  of  barley  maal 
or  rye  flour. 

Many  other  vegetable  matters,  and  many  fruits,  may  be  madf 
to  yield  spirit,  molt  or  diastase  being  used  in  all  case*  wImt* 

I  ttarch  is  to  be  converted  into  sngar. 

Potato  spirit  is  accompanied  by  the  hydrated  oxide  of  amvit,  o» 
oil  of  potato  spirit,  or  amylio  alcohol,  with  some  butylic  Bioalwl, 
and  probably  other  alcohols :  grain  spirit  hy  an  oily  matter,  OOB- 

Itisting  chiefly  of  margario,  caprio,  and  oouanthic  acids,  probably 
in  port  as  margaric  and  cenanthio  ether,  and  of  a  volatile 
oil,  called  by  Mulder  oleum  tititum,  that  is,  oil  of  grais. 
Wine  spirit,  that  is,  brandy,  contains  usnanthio  ethrr,  and  ( 
spirit  of  molasses,  or  rum,  owes  its  flavour  to  butyric 
Brandy,  but  especially  the  coarse  brandy  made  from  the  exp 
grapes,  contains  besides  alcohol,  methylic,  propylie,  butylie, : 

^  amylio,  and  some  oaproio  alcohol.     The  oils  which  cunt 

ututo  and  grain  spirit  are  offensive,  and  even  injurious  t«  h«      

Fare  included  by  the  Germans  under  the  general  term  Fiu^Ml, 

as  wu  have  seen,  are  chiefly  composed  of  several  aUnhols, 

Dong  which   the  aniylic  predominatM,  an  alcohol   of  a 

at  odour.     There  ore  also  compounds  of  oxide  of  cthy 
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^rhape  aorae  of  iU  bomolog^ues,  with  oily  aoids,  some  of  which 
•xe  fragrant,  others  unpleasant. 
^^L  Ytasl,  or  Ferment,  is  the  maaa  which  rises  to  the  surface 
^HjBring  the  Tinous  fermentation  of  grape  juioe,  infusion  of  molt 
^^H  other  similar  liquids.  If  yeast  have  been  added,  as  is  usual  in 
^^^e  ease  of  malt,  and  absolutely  necessary  when  we  wish  to 
^^Brmcnt  a  solution  of  pure  sugar,  then  at  the  end  of  the  process, 
^^fc  those  liquids  which  coutaiu,  as  grape  juice  and  infusion  of 
malt  do,  much  soluble  albuminous  matter  (tibrine),  we  find  in  the 
oarriod  up  by  the  carbonic  acid  gas,  a  quantity  of  yeast 
uoh  larger  than  we  have  added  to  the  liquid. 
Thi«  ycust  is  a  mixture  of  starch  or  dextrine,  sugar,  insoluble 
brine,  and  horJeine,  a  form  of  cellulose  or  woody  fibre.  If  kept 
i  ooDtioues  to  decompose,  giving  oif  carbonic  acid,  till  at  lust  all 
I  fibrino  has  been  rendered  soluble  and  decomposed,  and  all  the 
oh,  dextrine,  or  sugar,  converted  into  alcohol,  or,  if  air  be  freely 
Imitted,  into  acetic  acid.  Finally,  an  insoluble  residue  is  left 
liich  is  cellulose.  It  is  a  disputed  point,  whether  this  oellalose 
I  at  tirbt  mechanically  suspended  in  the  juioe,  infusion,  or  yeast, 
'  whether  it  has  been  produced,  possibly  as  a  result  of  the  growth 
of  minute  fungi,  from  dextrine  or  sugar  previously  dissolved.  It 
is  difficult  to  decide,  as  yeast  always  contains  much  insoluble 
matter,  and  we  must  add  yeast  in  order  to  reproduce  it.  StiU  it 
Me,  since  wo  obtain  much  more  yeast  from  a  nearly  or 
ilcar  infusion  of  molt,  than  we  added  to  it,  and  of  much 
same  or  exactly  the  same  quality,  that  cellulose  is  here 
luoi'd  firom  dextrine  or  sugar. 

given  weight  of  yeast  can  only  convert  into  alcohol  and 

rbouio  ncid  a  limited  amount  of  sugar,  because  the  yeast  acts  in 

virtue  of  its  deoomposition,  and  as  soon  as  it  is  all  decomposed, 

^^md  cellulose  alone  is  left,  the  action  of  course  ceases. 

^^B  The  ferment  of  grape  juice  is  called  the  lees  of  wine. 

^^^tjfjuti/i^titiun.     Bread  may  be  made  from  any  flour  containing, 

^^^■■llgood  flour  does,  vegetable  fibrine,  sugar,  and  starch.     The 

^VBv  being  made  into  a  paste  with  warm  water,  and  yeast  being 

added,  it  is  set  aside  in  a  warm  place.     After  a  time,  more  flour 

is  kneaded  into  the  moss,  which  has  begun  to  rise,  and  the  whole 

is  now   heated  in  the  oven,  or    baked.     Tho  yeast  induces  the 

vinous  fermentation  in  the  sugar  of  the  flour,  and  the  alcohol 

and  carbonic  acid  escaping,  raise  the  bread  and  render  it  porous. 

The  starch  in  general  is  little  changed,  but  the  sugar  disappears, 

aa  well  as  a  part  of  the  gluten  or  fibrino.     To  avoid  this  loM, 

kt««d  ia  now  raised  by  means  of  carbonate  of  soda  or  ammonia 

and  a  diluted  acid,  which  are  added  to  the  dough,  and  the  effect 

il  pcrbcUy  satisfactory.  Equally  good  or  better  bread  ia  obtaiued, 
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and  the  quantity  of  flour  whicli  will  yield  1500  lo«vm  by  fennM- 
tatioD,  furnishes  1600  by  the  new  method,  the  su^ar  and  fibrias 
being  saved.  It  has  been  stated  that  the  inorensed  weight  in  due 
to  water  merely,  but  it  is  not  easy  to  see  why  the  sugar,  retainod 
in  the  new  method,  and  decomposed  in  the  old,  for  alcohol  may 
be  collected  from  bread  during  it^  formation  by  the  old  motbod, 
should  not  add  \o  the  weight  of  the  solid  residue.  It  it  at  all 
events  certain  that  excellent  broad  is  made  without  the  nst  af 
yeast.  The  addition  of  a  little  alum  to  the  dou^h  is  naefnl  ia 
arresting  that  decomposition  in  the  flour  which  is  apt  to  oocw  if 
it  have  been  kept  in  a  moist  place.  Too  much  alum  oanitot  b* 
introduced,  as  it  would  prevent  the  fermentation.  The  bwt 
addition  to  flour  which  has  sutTered  from  moisture,  is  lime-water, 
which  neutralises  the  acid  formed,  and  destroys  the  mnaty 
flavour,  restoring  the  sweetness  of  the  flour.  It  ia  alto  qvill 
wliolcsome,  and  is  even  a  most  desirable  addition  in  the  mmii] 
ohildren,  who  consume  much  lime  in  their  growth. 

Mucut,  the  semi-fluid  matter  that  is  found  on  the  i 
the  mucous  membranes,  and  also  in  the  urinary  and  gall  bh 
is  another  form  of  albuminous  matter.     Its  analysis  oomeal 
near  to  that  of  albumen,  and  the  precise  diflference,  if  any,  botWMB 
them,  is  not  known. 

We   have  already  mentioned   that   sanguigenons   bodiM 
alone  yield  blood,  and  that  they  also  form  tissues  ;  but  tiMrjrl 
Dot,  strictly  speaking,  tlie  only  compound  of  whioh  Uasoes  may 
be  formed.     The  membranes  and  vessels,  as  well  as  some  othff 
parts,  are  composed  of  gelatine,  and  are  called  the  g«lalig«Aaai  j 
tissues.     But  gelatine  cannot  yield  blood,  and  the  reason  is  l 
obTious,  in  its  composition  ;  for  it  contains  no  sulphur.   Cbon 
the  substance  of  which  cartilage  is  formed,  agrees  in  tliia  : 
with  golotine. 

Gehtine  is  found  in  the  skin,  the  cellular   membrane*,  j 
membranes  in  general.     Its  distinguishing  character  is 
dissolving  in  hot  water,  and  forming  a  jelly  on  cooling, 
impure  gelatine  obtained  by  boiling  hoofs  and  hides  is 
glue.     The  purest  gelatine  is  isinglass,  from  the  air-b 
fishes.     Out  the    gelatine    of   bones,   hoofs,   and   skin* 
purified  so  as  to  be  equal  to  isinglass.     It  is  ofC«ii  called  i 
and  the  name  of  gelatine  is  now  given  to  the  product  of  boila 
vitl)  water.     When  dry,  it  is  quite  transparent,  and  toldfa 
water ;  it  is  likewise  very  adhesive.     Its  formula,  ao 
the   latest   analysis,  is  Cs«  Nii  !!•»  0»t.     But   the   prop 

gelatinising  depends  on  the  presence  of  phosphates;    fur 

gelatifio  is  long  boiled  with  water  alone,  or  with  a  littU  alkali, 
phato  of  lime  is  deposited,  and  the  solution  no  longer  fyiwt  a 
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n^'oD  cooling.     The  distinguisliing  ohoraoter  of  gelatiae  or 

ktber  of  osseinc,  is  that  of  being  slowly  dissolved  by  boiling  with 

wmUr,  and  then  forming  a  jelly  on  cooling.     In  this  change  the 

weight  of  the  osstirie,  whether  from  bones  or  otherwise,  ia  not 

ered,  and  its  coni[Hjsitiun  remiiins  the  same. 

Tannine,  or  tannic  acid,  converts  osscinc  into  leather.    But  the 

finer  kinds  uf  skins  are  not  tanned,  but  prepared  by  means  of 

hydrochlorate   of   alumina,   made    by   adding   common   salt  to 

solution  of  alum.      The  alumina  combines  with    the    osseine, 

^^^nniog  an  imputrcscible  substance,  in  which  tlie  structure  of  the 

^^■tig;inAl  membrane  is  not  injured.     The  soft  suppio  kid  leather, 

P^nd  what  is  called  Hungary  leather,  for  saddles  and  harness, 

which  are  remarkably  supple,  are  prepared  in  this  way. 

In  the  bones  of  certain  palmipedes,  the  vertebnn  of  Ashes,  and 
tome  shells,  there  is  found  an  insoluble  form  of  osseinc,  not 
converted  into  gelatine  by  boiling  with  water. 

Chondrine,  the  gelatine  of  cartilages,  is  similELr  to  gelatine,  but 
its  oomposition  is  best  represented  by  the  formula,  Cij  Nu  Hao  Om, 
and  phosphates,     it  is  precipitated,   when  in  solution,  by  acids, 
lum,  and  salts  of  lead,  which  do  not  precipitate  gelatine.     Both 
•latine  and  chondrine  are  precipitated  by  infusion  of  galls;  and 
ather  b  a  comitound  of  tannic  acid  with  gelatine.     The  matter 
the  elastic  tissue,  such  as  that  of  the  yellow  ligaments  of  the 
ebral  column,  dilfersboth  from  osscinc  and  chondrine. 
Wlien  osseine  or  gelatine  is  acted  on  by  potash,  it  yields,  among 
•       icts,  glycocine  or  glycocoll,  C*  N  Hi  0«,  and  leucine, 
s  with  it,  Ci»  N  HnO«.     With  acids,  similar  results 
oblauied.     When  oxiJised  by  means  of  sulphuric  acid  and 
Isohromate  of  potash,  gelatine  yields  many,   if  not  all,  of  the 
roducts    derived   from   sanguigenous  bodies,    except    such    as 
Dotain  sulphur  ;  such  as  the  aldehydes,  the  volatile  acids,  and 
be  nitryles,  l)«sides  benzoio  acid  and  hyduret  of  bcnzoyle,  and 
I  oil  with  the  odour  of  oil  of  cinnamon,  not  yet  analysed,  pos- 
tbly  a  homologue  of  the  oil  of  bitter  almonds   or  hyduret  of 
enzoyle,  Ci«  Il«  0« ,  or  Ci»  Hio  0> . 
K  It  is  most  important  to  remember  that  gelatine  is  not  capable 
forming  blood,  and  hence  cannot  be  the  chief  constituent  of 
If  available  at  all,  it  can  only  bo  to  form  membranes. 
""As  there  is  no  reason  why  the  above  formula)  should  be  doubled 
or  multiplied,  and  they  cannot  be  halved,  because  the  cqs.  of 
litpogen  are  13  and  9,  it  would  appear  that  gelatine  and  ohon- 
rinc   are   both   much   less  complex   than   albumen,  librine,  or 
t-ine,  and  in  fact  products,  jicrhaiia  among  the  first  pnxlucls,  of 
btir  ile»l  ruction  by  oxidation.     (See  the  processes  going  on  in 
the  animal   body.)     They  are   themselres  resolved,   by  further 
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oxidfttion,  into  prodncte  still  leta   complex.      But  it  ia 
thnt  along  with  gelatine  or  chondriac,  some  product  or  | 
must  be   formed,   containing  the  sulphur  of  the   t>aag 
1  oompoundg.     Such  a  body  actually  occurs  in  the  bile. 

Bone  contains  from  37  to  44  per  cent,  of  gelatine  with  ' 
nerres,  &o. ;  the  rest  are  earthy  matter,  phosphate  of  lime  diu4jr. 
This  proportion  yaries  in  disease,  moUUiet  oaivm  being  atttflded 
■with  a  dc-ftciency  of  earthy  matter.  In  young  animals  also,  "" 
is  less  than  the  average  proportion  of  earthy  matter,  wlti]«  iai 
age  there  is  more  of  the  earthy  and  less  of  the  siuimal  i 
the  bones. 

The  mineral  ingredients  of  bona  are,  phosphate  of  lim»,  pli«»> 
phate  of  magnesia,  common  salt,  and  at  all  erents  in  burnt  ar 
calcined  bones,  carbonate  of  lime.  Besides  these,  bonet  alwip 
contain  fluoride  of  calcium,  which  has  been  said  to  b« 
abundant,  and  even  to  reach  12  or  15  per  cent,  in  fecafl 
If  so,  the  cause  jirobably  is,  that  a  great  ]>art  of  the  pb 
Las  been  carritd  awoy  by  water  containing  carbonic 
which  it  dissolves,  while  the  fluoride,  being  much  more  IhmJi 
is  left.  In  reoent  bones,  the  amount  of  fluoride  of  calcium  ' 
but  does  not  in  all  probability  ever  exceed  3  or  4  per  cent.,  and  i* 
often  much  less.  It  has  been  stated  that  recent  bones  proprriy 
treated  may  be  made  to  yield  as  much  fluoride  ai  fossil  boBM ; 
but  it  is  probable,  from  the  known  action  of  water  emtamtaf 
carbonic  acid  on  bones,  that  there  is  generally  li'S«  phosptwt*,  and 
consequently  more  fluoride,  in  the  latter,  than  in  th«  fomwr. 
use  would  seem  to  be  to  render  the  bones  tougher,  by  de 
all  tendency  in  the  phosphate  to  crystallise.  For  pure  ] 
of  lime  is  much  disposed  to  crystallise,  and  it  is  o(t«n 
that  the  presence  of  a  small  proportion  of  foreign  matter  i 
substances  of  the  power  of  crystallising. 

Bone  Black  or  Irory  Black  is  the  block  mass  left  wfaan 
or  teeth  are  calcined  in  close  vessels.  It  consista  of  bon* 
and  charcoal,  and  the  latter,  being  finely  divided,  has 
decolorising  and  deodorising  power.  It  ia  possible  \hA\ 
the  varieties  of  animal  charcoal  owe  some  of  their  prop 
part  to  tlie  phosphates  which  they  all  contain  in  lei 
tlian  bone  black,  and  in  part  to  the  presenoa  of  aoiii*  i 
compound  of  carbon  and  nitrogen,  such  as  paraoyanogeo. 
oily  matters  obtained  in  the  distillation  of  bones,  known 
Dippel's  animal  oil,  are  rich  in  volatile  oily  bases.  Andertoo  his 
found  in  them  all  the  known  bases  of  the  aniline  and  pyridiat 
aerie*,  as  well  as  others  not  fally  studied.  They  also  ooDtBtn  a 
good  ninny  of  the  basoi  of  the  methylamine  series. 

Ourluirdt  has  observed  that  gelatiuo  dissolves  In  oil  of  vilriid* 
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bat  the  solution,  if  diluted  and  boiled,  yields  sulphate  of 
in,  and  a  ferinentescible  saccharine  matter  (probably 
^ncose,  or  a  body  isoiutrio  with  it). 
This  fact  is  important,  for  Hunt  considers  gelatine  to  be  formed 
directly  frvini  cellulose  and  ammonia  by  the  separation  of  wat«r  or 
of  its  elements.     Thus  ; — 

Cii  Biu  Oio  +  2  N  Hi=  6  H  0  +  Cii  Hio  Ni  0.. 
CcUuloM.  Oelatioo. 

If  thia  be  the  true  formula  of  gelatine,  then  it  is  easy  to  see 

'Tlow,  by  talcing  up  6  or  8  cqs.  of  water,  it  may  yield  glucose  and 

ammonia.     The  analysis  of  gelatine,  however,  docs  not  yield  so 

(uoh  nitrogen,  by  nearly  2  jier  cent.,  as  Hunt's  formula  requires. 

Jl  these  relations  must  bo  borne  in  mind.     We  have,  with 

Sebig,  and  also  with    Hunt,  supposed   gelatine  to  contain  no 

[Iphur.     But  some  chemists  state  tliat  it  does  contain  about  0*6 

0-7  per  cent.     Thia  may  possibly  be  essential,  but  may  also 

Bpond  on  the  presence  of  albnmiuous  matter,  which  would  also 

finish  the  percentage  of  nitrogen. 
[It  may  here  bo  mentioned  that  some  chemists  regard  osseine,  or 
Be,  chondrjne,  and  elastic  yellow  tissue,  to  be  isomeric,  at 
I  for  OS  the  combustible  elements  ore  concerned. 


TJIE  DII.E. 

Thia  important  animal  fluid  is  separated  ^m  the  blood,  in 
lioh  it  is  always  present  in  small  proportion,  by  the  liver,  aud 
leot«d  in  the  gall  bhidJer.     Thcueu  it  posses  into  the  small 

ktestinc,  and  on  its  way  downwards,  is  entirely  reabsorbed,  and 

tpelled  from  the  system,  not,  as  was  formerly  supposed,  in  the 
ces,  but  in  the  form  of  various  oxidised  products,  ohielly 
rbonic  noid,  water,  ammonia,  common  salt,  and  Bulphurio  acid, 
'  the  lungs,  the  skin,  and  the  kidneys.  The  colouring  matter  of 
foDces,  formerly  regarded  as  bile,  is  not  bile  at  all,  and  it 
Brcover,  even  if  it  were  bile,  but  a  small  fraction  of  the  whole 

bp»Ua  secretion.     It  may  be  one  of  the  products  derived  from 

Be,  but  even  tliis  is  doubtful,  and  it  can  represent  at  most  a  very 

Ball  |)art  of  that  secretion. 

Uile  is  a  vbcid  oily  liquid,  of  a  greenish  yellow  ooloar,  and 
bitter   ta.tte,    followed    by   a    sweetish    ofter-tosto.      It  ia 

fttirely  uiincible  with  water,  and  its  solutiou  froths  like  one  of 
ap.  Jn  the  gall-bloddor  bile  is  mixed  with  mucus.  Thia  b 
rid  of    by    disiiolving   the   bile   in    alcohol,    filtering    the 

iation   from  the  mucus,  and  drying  it  up  in  the  water-bath. 
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The  dried  bile  has  a  dark-green  colour  in  man,  but  in  powder 
is  mack  paler.  It  may  be  obtained  nearly  white  by  dt-coloriting 
the  alcoholic  solution  with  animal  cliarooiiL  It  still  retains, 
bcsidea  the  true  bile,  traces  of  cholesterine  and  of  fata,  irhiiJk 
may  be  removed  by  ether. 

The  bile,  which,  according  to  some  of  the  best  chemi>t*,' 
appeared  to  be  a  complex  and  variable  mixture  of  a  multitDi!* 
of  products  differing  little  in  properties,  has  now  become,  by  Iba 
edmirable  researches  of  Strecker,  one  of  the  mr- ■  <  ex- 

amples  of   the  insight   grained   into    the    most  tv  ;  .  cUM 

comi>ounds  by  the  study  of  the  products  of  their  dicuiuiioeitioo, 
and  turns  out  to  have  a  constitution  very  far  from  beisg  w 
complex  as  was  imagined. 

It  is,  in  fact,  a  mixture,  in  certain  proportions  wliiah  rary  b 
different  species  of  animals,  but  are  permanent  in  each  Kprcict, 
of  two  salt£,  of  which  the  base  is  soda  (with  small  and  variabi* 
portions  of  potash  and  ammonia),  and  of  which  the  acids  uc 
two  remarkable  products  of  the  destruction  of  aanguigcnoai 
matter,  and  perhaps,  one  of  them,  of  gelatigenous  matttr, 
the  oxygen  of  the  blood.  One  of  these  acids,  cholie  acid,  eon 
nitrogen ;  the  other,  clioleic  acid,  contains  nitrogen  and  lulpb' 
the  latter  clement  being  derived  from  the  sanguigenous  coro]K>ttadL 

ChoUc  Acid,  Cm  N  Hm  Oh  =  Cm  N  Hm  Oh  ,  II  O,  is  U»c  fint 
of  these.  It  was  discovered  by  Omelin,  but  its  nature  and  eon- 
position  were  first  ascertained  by  Strecker.  When  the  •olntkoi 
of  dry  bUc  in  absolute  alcohol  is  mixed  witli  ether,  a  iie<\iomi  i> 
formed,  which  on  S'tanding  is  convert<.-d  into  a  moss  of  small 
crystals.  These  ore  chiefly  cholatc  of  soda,  with  a  little  oboteitai 
When  decomposed  by  sulpliuric  ucid,  rudiut<'d  groups  of  ayi* 
tola  are  gradually  deposit^l,  which  arc  obolic  aoid.  They, 
are  spariugly  sulublo  in  water  and  ether,  very  aolubU 
alcohol.  Cholie  acid  is  dccomf>osed  when  heated  i>itb  miaml 
acids,  and  also  when  heated  with  potash.  It*  salts  ar*  Mfttf 
and  sweet,  and  resemble  soaps.  Thoy  crj-stalliso  if  in 
with  ether. 

Paracholie  Arid,  isomeric  with  cholie  acid,  is  i  ii  it, 

and  left  behind  when  the  crjRtalline  dejiooit  niuh.  •  uvnt 

acid  is  boiled  with  water,  which  dissolves  the  cholie  acid.  Pai*- 
oholio  acid  appears  in  pearly  scales,  insoluble  in  vater.  It 
dissolves  in  alcohol,  and  on  the  addition  of  water  is  d«|MlM 
almost  entirely  in  the  form  of  cholio  uoid  ;  so  that  u«h  Mi4  is 
capable  of  passing  into  the  other.  There  exista  aUo  an  wnoqibMt 
form  of  cliolio  acid. 

When  eliolic  acid  is  lioilcd  with  potath,  it  yields  two  pn4ii«U> 
namely,  a  basic  compound,  j/lycotine,  already  doacrilttd,  mi  » 
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•owV  which  fonn»  very  fine  and  regular  crystals,  which  are 

ither  oblique  rhombic  tables,  tetrobedni,  or  qiiuilratic  octahedra. 

ttis  is  the  cholalic  acid.     Thia  acid,  the  cholic  acid  of  Dt'mari,uy, 

atsiiis  no  nitrogen,  and  its  foriuulu  is  Cm  Uw  Oio  =  Cm  IIm 

) ,  H  0.     Its  salts  arc  somewhat  like  soaps,  as  itself  resembles 

tty    acids.     Like  cholic  acid,   cholalic   acid  appears   in  three 

Bmerio  moditications.      The   production    of  this   ooid   and    of 

Syoocine  from  cholic  acid  is  easily  explained. 

To  c<holie  acid    . 
Ad4  2  eqa.  water 

Dedoct  gljrcoeine 

Scmalo  .  C<>      H»i  Oio  =  GholaUo  acid,  Cw  Hm  0> ,  H  0. 

Wlien  cholic  acid  is  boiled  with  acids,  it  undergoes  the 
Kme  dcoumposition,  Glycooine  is  found  in  combinatioa  with 
Be  acid  used,  and  there  is  deix>aited,  not  cholalic  acid,  hut 
oloiilie  acid,  C«  Han  0»,  that  is  cholalic  acid,  minus  1  eq.  of 
tier.  This  new  acid  is  isomeric  with  anhydrous  cholalic  acid, 
when  it  combines  with  bases,  oholoidio  acid  loses  no  water. 
\  salts  have,  therefore,  tlie  same  composition  as  those  of  cholalic 
but  difl'erent  pruperties.  The  oholoidio  acid  is  resinous, 
anot  cryKtoliise.  Its  salts  are  also  amorphous.  The  acid 
olublc  iu  water,  soluble  in  alcohol,  It  was  formerly  culled 
1  of  bile. 
When  oholoidio  acid  is  further  boiled  with  hydrochloric  acid, 
fa.  more  water,  and  at  last  leaves  an  indilierent  neutral 
bstonco,  called  Dt/tlyiiue,  the  formula  of  which  is  C*» 
.0.. 
I  Such  it  the  history  of  the  first  salt  in  bile,  cholato  uf  soda.  Its 
.  is  resolved  into  cholalic  acid  and  glycooiue,  and  the  chulalio 
is  furtlier  converted  by  acids  into  choloidio  acid  oud 
^•lysine,  ISut  in  the  bile  these  lust  com|iouiid»  ore  not  present ; 
ey  are  products  of  dcoompodtiun  out  of  the  body.  Even 
boUlic  aoid  is  not  known  to  exist  iu  the  body  ;  but  as  glycooine 
sibly  doos,  in  that  cose  it  may  also  bo  found. 
jdoMc  uciii,  Cm  N  8t  Ui.  Oi.  =  Cm  N  S.  U«  Ou  ,  H  O.  The 
MOOOd  salt  of  bile,  choleate  of  soda,  contains  this  acid,  which, 
however,  it  is  dillioult  to  obtain  in  a  state  of  purity.  Its  salts 
do  not  so  readily  crystallise  as  those  of  cholic  acid,  and  its 
composition  is  known  by  the  products  of  its  decomposition.  The 
•oid  itoelf  resembles  cholic  acid  iu  taste  aud  other  properties. 
When  boiled  with  {totusb,  it  yields  eholulio  acid,  and  n  new  l)ody, 
taurine,    in    which  all  the  sulphur    uf   the  acid,  as  well  as  its 
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nitrogen,  arc  found.     When  boiled  with  acidi  the  Muae  ( 
oovun,  but  the  eliolalic  acid,  aa  before,  ia  changed  into 
acid,  and  if  the  process  be  continued,  into  dyglyrtne. 

This  at  once  shows  ns,  that  the  two  acids  of  bile  »re  cotipl* 
comjiounda,   in  wliioh  the  same  acid,  anhydrous  choln 
coupled  with  two  diflerent  coaiiwunds  ;  tlie  copula  in   ■  I 

being  iinliydruus  glycocine  ;  in  diolio  acid,  aniiydrous  Uuruut. 
The  latter  change  is  thus  represented : — 

To  chol«ic  ncid    .         ,  .     Cm  N  6s  H<i  Oi< 

Add  2  ix(S.  of  WAler  ...  H>   Oi 


Scdact  choUlie  acid 
KeuiAlns  tAUriDe 


in«  eoBp 

xUwitlfl 
tiM  Infl 

■(vm»     III 


Tiiiirine,  C.N  S«  HtOo,  forms  large  and  fine  prisms,  wbi 
are  neutral,  and  have  a  cooling  taste.  It  is  very  j)cnniuarjit,  a 
is  n  very  remarkable  compound,  from  the  largo  amount 
sulphur,  upwards  of  24  per  cent.,  it  contains.  The  formula  of 
taurine  is  such,  that  it  may  be  made  up  of  the  element*  of  I  i«|. 
aldehyde,  C-t  H<  Oi,  1  eq.  ammonia,  N  IT> ,  and2eqs.  aulphmoas 
aoid,  8a  Ot :  but  Kedtenbncher  found  that  sulphurous  acid,  wtiaf 
on  aldehydammonia,  produced  not  taurine,  but  a  crystallinv  < 
poond  isomeric  witli  it. 

We  now  sec  that  the  bile  is  n  mlztnro  of  oholeate  of  kkU  < 
cholate  of  soda,  and  that  when  decomposed  it  yields  in  tito 
iustanco  cholalio  acid  from   both    tlie   acids   uf   bil*,    glj 
from  cholic,  and  taurine  from  oholcic  acid.     This  ■<!«»» 

when  the  bile  putrifies  or  ferments.     It  is  only  w .'  .  liB{ 

with  acids  thut  oholoidic  acid  and  dyslysine  ap[K«r. 

The  bilu  of  serpents  and  of  fishes  is  almost  pure  oliolnt*  9t 
potash  and  soda,  and  contains  above  6  per  cent,  of  suliUiur.  Tin 
bile  of  the  pig  is  chiefly  fonncd  of  the  soda  suit  of  a  pccoliar 
biliary  acid,  hyochoUc  acid,  Cm  N  D.j  Om  =  Cm  N  H.t  f)»,  U  0, 
along  with  a  little  hyocholeate  of  soda.  Hence  the  profwr 
sulphur  in  pig's  bile  is  much  Ksi  than  in  ox  bile.  Hyo 
acid  contuina,  like  cholio  ncid,  glyoocine,  coupled  with  i 
coutuining  no  nitrogen.  There  is  a  relation  bctwecu  hyo 
acid  and  the  acids  of  ox  bile,  for  when  ohulic  acid  is  Itoiled 
water,  there  is  funned  an  acid,  cholonic  acid,  Cm  X  H»i  0«n  ,  i 
to  cholio  arid,  ancl  Ibis  acid  is  homologous  with  hyooboliei 
diirering  from  it  by  CH,.  Indeed  the  oholoiiic  aeiU 
from  oluilic  acid  hy  only  2  eqs  of  wat<:r.  The  hyooholUo 
pig's  bilo,  that  is,  the  sulphurised  acid,  appears  to  bo  Cm  K  Ss] 
li*t  Oil  ,  II  O,  and  to  bear  Uie  same  proportion  to  cbp)«i« 
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kat  Lyoobolio  aoi<I  does  to  cholic  acid.     Botb  tlie  acids  of  pig's 

ItTt  decomposed  by  boiling  with  bases  and  willi  acids.     With 

hyocholic  acid  yields  glycocinc  and  hyoobololio  acid,  Cm 

I  =  Cao  IIs»  Or ,  11  0,  aoalo{>;ous  to  cholalio  acid,     llyooboleio 

sid,   treated  in  tbe  same  way,  yields  taurine,  and  hyocholalio 

eid.     With  acids,  tbey  yield  taurine  and  glyoocine,  while  tha 

yocholalic  acid,  like  cholalic  acid,  yields  a  product  of  a  resinous 

ature,  corresponding  to  oholoidio  acid,  or  rather  to  dyslysine, 

his  is  hyodyslysine.     It  is  Csu  Has  On .     It  has  the  same  relation 

I  dyslysine  as  hyoohoUo  acid  has  to  cholonio  acid,  diifering  lium 

it  by  Cs  n> .     The  compound  corresiMnding  to  oholoidio  acid, 

rhioh  would  be  Cw  Hs«  O7 ,  is  nut  yet  known. 

The  following  table  will  convey  a  clearer  notion  of  the  biliary 

incta  above  stated  : — 


In  Ox  blls. 

lo  IV*  >>U*. 

Cholic  acid 

z=C»     NHuO., 

Hj-ooholic  Boid  =  Cs<    N  U>>  Oio 

Cholnaie  sciJ 

^  C»t    N  11*1  Oio 

I             =Cs.    NH..O.T 

CboUlio  uid 

=  C«.        Hw  0>o 

Byocholalio  acid  =  Cm       Hw  0> 

ChcJoiJie  acii. 

=  Co        H»  0> 

1             =  Cm       Ha.  Oi  t 

S)ftlfuae 

=  C»        Uu  0, 

H)-ad;al;giae       =  Cuo       Has  0« 

Glycucuie 

=  C.     NH.  0. 

Glycociua     .        =  C.     N  U.   O4 

Cliuleic  acid 

=  CmN8jH«0.. 

HyoclioWic  acid    =:  Cs<  N  St  Hw  On 

Taurine     . 

=  C.  N  S.  H>  Oo 

Tauriaa         .      =  0.  N  Sa  lli  0« 

Of  these,  however,  only  the  two  acids,  oholio  and  oholeic  aoida 
of  oz  bile,  and  hyocholic  and  hyooholeio  aoids  of  pig's  bile^  ore 
found  in  the  bile,  combined  with  soda,  and,  in  tiahes  especially, 
I  with  potash.  The  rest  are  all  products  of  decomposition,  and 
be  four  acids  of  ox  and  pig  bile  are  to  be  regarded  aa  coupled  com- 
Dnzuls  of  anhydrous  cholalio  and  hyochulalic  acids  with  anliydrous 
lyuooine,  and  of  anhydrous  cholalio  and  hyoohololic  aoids  with 
hydrous  taurine.  Hence,  when  decomposed,  each  ingredient 
up  1  eq.  of  water  to  form  the  bydrat«d  acid  and  hydruted 
^yoocine  and  taurine.  Human  bile  resembles  ox  bile,  tihecp 
lie  is  mure  like  that  of  tishcs,  rich  in  oholeate  of  soda,  and 
ousc<iuuiitly  in  sulphur. 

The  presence  of  bile  may  be  recognised  hj  two  tests :  one  ia 

the  action  of  nitric  acid  on  it,  which  turns  it  first  greou,  thea 

blue,  violet,  red,  and  liually  yellow.     These  changes,   which  are 

apposed  to  depend  on  the  action  of   the  acid  as  tlio  colouring 

ktt«l   of  the   bUe,  enable  us  to  detect  tlie  presence  of  bile  in 

serum   of   blood   or   chyle,    wheu  from  disease  it  is  too 

ant.      but    a    more    delicate    test,    wliich    applies    to    the 

led  bile,  is  the  tiue  but  transient   pur[>le    colour   produced 

_^Lea  wu  add  u  little  suJphuriu  avid  to  a,  sululion  containing  bils 

utl  grtpo  sugar  or  diAbelio  sugar.     Dy  the  addition,  therefore, 
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of  a  liMle  pure  bilu  to  urine,  foll(rwed  by  that  of  iinlphnrioi 
we  may  also  employ  this  test  for  the  detection  of  diali«ti9^ 
grafiQ  sugar  in  urine. 

liile,  as  drawn  from  the  gall-bladder,  is  stroni^ly  coloured,  sad 
the  colouring  matter,  which  is  undoubtedly  also  a  product  of  th* 
deatruotion  of  sanguigenons  matter,  possibly  a  aeoonduy  prodaet  ■ 
from  bile  itself,  has  not  been  yet  folly  investigated,  bom  tli«j 
diffioulty  of  purifying  it,  since  it  is  not  crystallisable.     It*  ooitt'* 
position,  when  known,  will  certainly  throw  much  light  on  th« 
changes  connected  with  the  formation  or  destruction  of  the  biU 
Bile  may  be  decolorised  by  dissolving  it  in  absolut«  aloohol  t«] 
separate  mucus,  and  digesting  the  alcoholic  solution  with 
charcoal  till  the  colour  is  removcfl.     The  addition  of  pure 
in  successive  portions  to  the  colourless  solution  canaea  th*  dcp*-* 
sition  of  an  amuiphous  moss,  which,  on  standing  in  contact  witk 
ether,   changes  into  crystals,  formerly  colled  crystoUiaed  tab, 
which  are  chiefly  cbolut«  of  sodn   iu  the  earlier  depoaita,  aad 
cholvatc  in  the  latter  ones,  the  choleate  cryetallising  leaa  raadSy, 
and  part  of  it  remaining  amoi-photu.     The  first  deposit  ( 
therefore,  less  sulphur  than  the  later  ones,  and  somctimrs  1 
any,  that  is,  very  little   choU'ote,  and  it  is  the  whole 
deposits,   taken  together,   which    represent  pure  bile,  that  b, 
bile  free  from  its  colouring  matter — a  compound  that  doe*  oet 
ocoar  in  the  animal  body,  for  thet«  the  bile  is  always  itfpa^ 
ooloured. 

Choletitrine,  Cm  Hm  O.  -f  2  mj.  This  i»  a  p«enliar  otytlal- 
lisable  fatty  substance,  found  in  the  bile  in  small  quantity.  It 
occurs,  however,  more  abundantly  in  biliary  calculi,  uaoaUy 
along  with  more  or  less  of  the  colouring  matter  of  the  bila,  b«^ 
sometimes  nearly  pure.  It  is  puritied  by  solution  in  hot  alanhol, 
which  deposits  it  in  brilliant  silvery  scale*.  The  formttla  abov« 
given  is,  to  a  certain  extent,  empirical,  but  is  ohoaea  bucam. 
while  it  represents  the  results  of  analysis,  it  exhibiti  ft  Btar 
relation  to  the  biliary  acids. 

That  there  is  some  relation  between  obolMterioe  tad  Uw  Midi 
of  bile  is  evident  from  the  oocnrr<.'noe  of  cholestarin*  ia  til*  Mb> 
and  also  from  the  fact,  that  both  cholesterioe  and  Ula,  wliaa 
oxidised  by  nitric  acid,  yield  a  now  acid,  ohotaatnie  add, 
Cia  Hs  Os,  2  HO.  The  products  of  the  action  of  nitrio  Mid 
on  choloidic  acid,  which  is  simply  chnlulio  acid  mi'nw*  wBt*r,  •■• 
▼ery  numerous.     There  are  first  a  whole  series  •  alii* 

acids  (C^  n.).  0»,  namely,   formic?'  aevtio,  pr<>i'.  >rJ«i 

valerianic,  oaproie  ?  eaprylio,  ond  oapric  acids.  Tiu<o  tl»M»  ifi 
found  also  among  the  volatile  portions  an  oil,  which,  wiib  baaa, 
yields  a  new  nitro-aoid,  nitrocholie  aeid,  C*  N*  n  Os,  HO,  and 
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neutral  pungent  liquid,  eholacroU,  Ci»  j  jjq 

pour  of  which  has  a  stnpifying  power.  Among  the  non-volatile 
uct8  there  are  found  two  acids,  chuloidanic  acid,  Cn  Hm  Ou, 
'hioh  crystallises,  and  the  above-named  choleateric  acid,  which 
s  a  mass  like  gum.  Cholesterine,  when  acted  on  by  nitric 
acid,  yields  volatile  acids,  chiedy  the  acetic,  in  small  proportioQ, 
while  chok-steric  acid  is  the  chief  product.  ^Vllen  heated  with 
•troDg  sulphuric  and  phusphorio  aoid,  choIi.<sterine  yields  to  them 
its  oxygen  as  water,  and  a  number  of  carbohydrogens  are 
ed,  which  are  said  to  be  isomeric  or  polymerio,  but  whioU 
.y  be  perhaps  homologous.  These  are  solid,  and  hence  have 
bably  a  high  atomic  weight.  The  carbon  is  in  greater  pro- 
rtion  than  the  hydrogen. 

With  sulfihuric  acid  are  formed  three  carbohydrogt-ns,  choleste- 
'ine  a,  6,  and  e.     With  phosphoric  aoid  there  are  obtained  two, 
'e$tt>rone  a  and  b.      By  the  analyses  of  Zwenger,  these   all 
pear  to  be  isomeric  or  polymeric.     Cholestereline  a  is  earthy  ; 
t  may  bo  obtained  in  small  crystals  from  oil  of  turpentine, 
'kich  dissolve*  it.     It   melts  at  464°  F. :  b  crystallises  from 
cr,  and  melts  at  491° ;  and  c,  which  is  soluble  in  ether,  is 
ou*  and  not  crystalline,  and  fusible  at  260'.     Cholesteronc  a 
ms  fine  brilliant  rectangular  prisms,  fusible  at  154" ;  b  yields 
minnt«  silky  prisms,  fusible  at  338"'. 

If  we  admit  that  these  compounds  are  isomerio,  their  analysis 
agrees  well  with  the  formula  Ck  H<i.  Now  this  is  simply  the 
irmula  we  have  adopted  for  oholesteriue.  Cm  Hm  0>,  minui 
H  O.  Wo  may  suppose  cholesterone  a,  the  most  fusible,  to  be 
IIm  ;  cholesterone  b  and  cholestereline  r  to  be  Cn  Uti  ;  and 
olesterclines  a  and  6  to  be  Cim  Hm.  All  tliese  formulaj  are 
ly  deduced,  along  with  water,  from  a  new  grouping  of  the 
•tonenta  of  cholesti-rine.  It  is,  however,  possible  that  some  of 
IMS  compounds  may  bo  homologous  and  not  isomerio  or 
lymcric  ;  for  two  such  compounds,  for  example,  as  Cn  Hu  and 
H«o  would  not  materially  diflor  in  their  analyses,  and  would 
r  but  little  in  fusibility  and  other  properties. 
In  tb«  preceding  paragraphs  we  have  given  briefly  all  that  is 
i«wil  oonoer&ing  the  chemistry  of  the  bile  with  any  accuracy  ; 
•nd  we  gladly  strike  out  a  long  list  of  supposed  liiliary  con- 
■tituents,  which  ore  now  seen  lo  have  l>een  mixtures  of  thow 
d<M0ribvd,  and  which  were  the  renult*  of  imperfect  methods, 
llaob  remains  to  bo  dune,  but  what  is  above  de»r.ribcd  has  boon 
to  well  *«o«irfaiaed,  that  the  greater  port  of  it  appears  likely  to 
roinain. 

It  remain*  to  bo  montioDod  that  cbolesterioe  is  found  in  larg* 
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proportion  in  braiu  and  nervous  matter.     To  extract   it  tnak\ 
brain  the  etliereid  extract  of  brain  is  drivd  op,  and  boiled  villi  I 
alcohol  rendered  strongly  alkaline  hj  caustic  potash.     Bj-  tiiis 
meana  we  form  cerebrate  of  potash,  oleate  of  pototh,  phosphatM  of  I 
{Hitash,  glycerine,  and  oholesteriae.     Ou  cooling,  the  cvri'ltnttc, 
tlie  phosphate,  and  the  ohulesturiue  are  deposit«d  ;  and  frvm  tix 
deposit  cold  ether  dissolves  the   ckolesteriuc,    which   i*  easily 
purified  by  a  few  crystoUisatioQa.     It  is  also  present  in  the  bloud, 
and  one  part  of  the  function  of  tlie  liver  may  be  to  prepawv  it  tat  1 
the  production  of  nervous  tissue. 

miiary  calculi  are,  in  man,  usually  oomiiosed  of  obolest«riot 
and  a  deep  yellow  oolouriug  matter,  nut  unlike  choloidic  aeiiL  la  \ 
the  ox  the  concretions  are  generally  composed  of  colouring  i 
alune.  Bezuar  stones,  which  ore  obviously  biliary  concretion*,  and 
said  to  be  those  of  antelopes,  are  chiefly  oomposcd  of  a  new  acid, 
lUKufellic  acid,  insoluble  in  water,  soluble  in  alcohol  and  oryi- 
tolUsablc.  Its  formula  is  C«o  IIm  Oh  =  C«>  Ust  Or,  HO  whldl 
shows  it  to  l)c  of  tiio  sanje  class  aa  choloidic  acid  or  dyslyMli*. 
With  nitric  ocid  it  yields  a  substitutiun  compound,  C«j  N  H«  Ou, 
according  to  Wiihler.     Trobubly  its  true  formula  will  be 

to  bo  C«  ^"^   I  On,  H  0  =  C«  N  n,«  On,   1    eq.    of  hyd 

having  been  replaced  by  1  eq.  of  nitrons  acid.  When  distilled, 
lithofellio  acid  loses  2  cqs.  of  water,  and  yields  p}-rolilhofellia  acid, 
t'«o  H34  0« ,  probably  the  dyalysine  of  the  antelope  bile. 

BOAIJl  AJfD  XEETO08  JlATTEtt. 

The  chemistry  of  brain  is  so  little  advonced,  that  hardljrl 

thing  can  be  said  of  it.     It  contains  nearly  80  per  cent,  of  wi 

p  7  per  cent,   of  albumen,  or  of  a  substance   like  albumen,  and 

'■everol  fatty  bodies,  one  of  which  is  cholestcrine,  the  mods  iif 

extracting  wliich  has  just  been  given.     It  is  said  also  t.*  contain 

two  peculiar  acids,  one  of  which  is  crrebric  ncid,  which  has  a 

Comi>osition  intermediate  between  that  of  a  fatty  acid  and  that  of 

'  albumen,  probably  a  coupled  compound.     The  other  is  aa  oily 

acid,  containing,  as  it  is  said,  a  considerable  amount  of  phosphori« 

acid,  united  to  a  neutral  oil,  ctrtbruUine.     This  acid  is  oalled 

Loleophosphorio  acid.     A  similar  acid  occurs  in  yolk  of  egg.     All 

riliis  is  very  vague,  but  still  there  can  bu  no  iloubt  Utal  brain  doe* 

eoatflin  eillier  tree  phosphurio  ocid  or  ocid  pho«phat«i  in  lam 

quantity  compared  to  other  animal  products,  in  «  hich  the  ■  " 

ore  neutrttl   or  alkaline,  whereos   Uie   ash   of   bruin   i*   all 

^trougly  noid.     but  there  is  no  prtwf  in  favour  of  the  opinio 

■wme  that  the  brain  ooutuius  phosphorus  unoxidiiuxl,  nr  is 

orm  but  that  of  phoKphorio  aoid  and  |ihosphaU-8.     The  laiga  | 


MILK. 


521 


ion  of  pKospborio  acid  leads  us  to  suspect  the  presence  of  some 

culiar  form  of  albuminous  or   saoguigenous  mutter,  siooe  all 

0U8  bodies  dilfer  in  regard  to  the  phosphates  they  ooa- 

JUMwrding  to  Liebig,  baryta  water  extracts  from  brain  two 

tinct  ncids,  forming  soluble  salts  with  baryta,  and  opporently 

^f  a  fntty  or  quasi-fatty  nature.     These,  however,  have  not  yet 

eeu  iiiTpiitigatcd,  and  we  do  not  know  with  certainty  the  formula 

even    the   nature  of  any  of  the  proximate   constituents  of 

in.     ISut  we  may    conjecture   that   this   remarkable   tissue, 

erforming  the  highest  functions,  those  of  thought  and  emotion, 

last  have  a  constitution  still  more  complex  than  the  other  tissues 

^f  the  body. 

We  do  not  yet  know  where  the  nervous  matter  is  formed,  but 

must  suppose  that  it  is  conveyed  to  the  nerves  in  the  blood. 

iow   the   blood  does   contain   fatty    matters,    among   which   ia 

liolesterine,  one  of  the  constituents  of  the  braiu.     If  this  be  so, 

lien   [>crliaps  the  liver  assists  in  producing  tlie  cerebral  cotn- 

ounds,  which,  being  formed,  are  conveyed  to  the  blood  dissolved 

suspended  iu  the  bile.     The  pancreatic  juice,  which  Ima  been 

id  to  aid  in  dissuh-ing  fat,  may  also  possibly  have  a  share  in 

formation  of  nervous  matter.      We  must  look   now  to  the 

emicol  study  of    the   brain    for    further  knowledge  on  this 

gportont  subject.     From  what  is  known,  it  would  seem  as  if 

It  and  albumen,  two  of  the  chief  animal  products,  unite  to  form 

crrous  matter,   which  in  construction  is  more  complex  :  but  in 

»miiuMtion,  that  is,  in  100  ports,  is  intermediate  between  fat  and 

baaten. 


MILE. 

This  im|>ortant  secretion,   as  has    been    already   mentioned, 

Duusts  cJiieHy  of  water,  holding  in  solution  caseine,  sugar  of 

(,  and  fcolts,  chielly   uf   potash.     In  this  solution,  which  is 

tturally  only  translucent  or  semi-opaque,  there  is  suspended  an 

ily  matter,  butler,  which  consists  chielly  of  margat  ine,  or  marga- 

I  of  oxide  ol  glyceryle,  oleine  or  oleate  of  the  same  base,  and 

Ball  quantities  of  the  neutral  oils,  butyrine,  onpruiue,  capryliue, 

oapriue,  which  contain  oxide  of  glyuerylo  oonibiued  with  the 

Btyric,  oaproic,  oaprylic,  and  capric  acids.     To  these  last  oils 

flavour  of  milk  Is  owing.     It  is  remutknblu  that  the  volatile 

ly  Boids  in  milk,  except  the  marguriu  acid,  aro  only  such  oa 

main  8,  Vl,  16,  and  20  eqs.  of  carbon.     Those  with  10,  14,  and 

I  eq«.,  namely,  Talerianio,  wnuuthylio,  and  [ivlargonio  ucids,  arc 

vcr  found  in  mUk.     Their  compounds  with  uxidu  uf  glyceryle 

not  known,  except  in  the  case  of  valerianic  auid  ;  and  that 

upouud  Would  hardly  do  for  milk,  because  it  is  the  cause  of 
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the   anplensant  odour  of  train-oil  in  which  it  occurs  in 
quantity.     Probably  the  otlier  Iwo  are  also  oflVmsiv*.     Aoennling 
r  to  Heintx,  who  does  not  admit  margario  acid,  the  chief  f* 
biitUT  are   stcarine,    palmitino  and  oleiue.     As   innr(»iuic 
I  stands  between  palmitic  and  stearic  acids,  the  ultimate  i 
much   tlio   same.      We  have   given  elsewhere   the   roasdoa ' 
admitting  the  existence  of  all  tliese  acids. 

Milk,  or  any  other  solution  of  caseine,  when  erapomted  in  th» 
air,  forms  a  pellicle,  which  is  renewed  as  fast  as  it  is  rcmorvd. 
This  is  iosoluble,  and  yields  ashes  containing  lime  and  pho*tihsM 
of  lime. 

Milk  may  be  analysed  by  drying  it  np  in  vaono,  dissolring*  Uis 
butter  by  a  mixture  of  other  and  alcohol,  and  the  sugar  of  milk 
and  salts  by  cold  water.  The  caseine  remains  in  this  way  uailit- 
aolvcd,  the  salts  having  been  first  romoved. 

When  exposed  to  the  air,   milk  undergoes  a  peculiar  ehtngf. 
The  caseine   enters  into   decom{iosition,  and  this  decomposiliaB  | 
passes  to  the  sugar  of  milk,  which  yields  a  little  lactic  acid,  i 
this  causes  the  caseine  not  yet  decomposed  to  ooa^olate.     liul  ih» 
decomposition  continues :   the  sugar  of  milk  is  at  last  enti 
converted  into  lactic  acid,  mannite,  and  gum ;  and  if  the  I 
neutralised,  and    fresh  sugar  added,   it   will  nndergv  tlw 
change   as  long  as  any  caseine  remains.     This    is   one 
followed  for  obtaining  lactic  acid  and  lactates.     The 
separated  from  the  whey  when  lirst  formed,  and  pressed  Ciit,  1 
forms  cheese.     In  making  the  better  kinds  of  cheM«,  tit*  wlk, 
inst<.'ad  of  being  allowed  to  coagulate  s|>ontaneously,  is  oiMfiilatid 
by  contact  with  water  in  which  port  of  the  lining  r-  of  a 

stomach  has  been  infused.     This  infusion  is  coll'  .  snd  , 

it  acts,  as  we  have  already  explained  under  the  laotiu  tcrmtiuta-  I 
tion,  by  virtue  of  containing  albumen  or  gelatine  in  a  state  of 
decomiK>8iti<>n,  which  is  at  once  communicated  to  the  sugar. 

When  milk,  sfiontaneously  coagulated,  is  exposed  to  a  haat  of  j 
from  70"  to  85°,  witliout  any  addition,  the  sugar  of  milk 
into  grape  sugar,  and  vinous  fermentation  ensues.     ThefsrawslBdi 
milk  distilled,  yields  a  spirit  containing  traocsof  butyric  fthvr. 

If  sugar  is  made  to  ferment  with  caseine  at  about  100*,  oai 
bonio  acid  and  hydrogen  gases  are  disengaged,  and  butytie  M 
is  formed  in  large  quantity. 

The  chief  mineral  substanoes  in  milk  are  potaab  and  [ 
of  lime,  which  are  found  in  its  ashes.     The  ashes  aUo  ( 
Bu]]ihntes,  although  milk  docs  not.     The  sulphuric  acid   in  tht 
a»heB  is  derived  from  the  oxidation  of  the  sulphur  of  tlw  i 
Wc  have  already  mentioned,  under  caseine,  that  it  is  ra^jarMMJ 
probable  that  caseine  is  the  albumiaalu  of  potash  in  asolnlllaf 


Ii«  proportions  of  water,  coseiao,  sugar  of  milk,  butter,  and 
sftlts,  arc  verj-  variable  in  milk.  It  generally  oonttiins  about  80 
per  cent,  of  water,  4  to  7  of  ooseine,  3'5  to  5-3  of  butter,  and 
3  to  5-5  of  sugar  of  milk  and  salts.  Fur  tlie  best  method  of 
&n*]y)>iug  milk,  proposed  by  Ilaidlen,  I  must  refer  to  tho 
"Annalen  dcr  Chemie  nnd  rharmacie,"  xlv,,  274.  By  this 
method  Iliudlcn  obtained  as  follows  : — 

From  Cuw'i  Milk.     Uuiniiii  Milk.  Ditto. 

BaU«r 8  Si  1-3 


Bogarof  Milk,  and  nits  solnblel  ..„  .„ 

in  alcohol     .         .        .     /  *  "  *  ■' 


3-2 

Chseioe  aati  insolnble  salU  fi'I  S'l  27 

Water 87  3  8»2  Ba-8 


I 


100  0  imi-0  loO'O 


The  eolostrum,  or  milk  given  immediately  after  parturition, 
iiffera  from  normal  milk  in  containing  15  to  25  per  cent,  of 
•Ibumen,  with  less  ooseine,  butter,  and  sugar  of  milk. 

The  milk  of  bitches,  according  to  Simon,  contains  from  14'6  to 
7*4  per  oent.  of  oaseiue,  10-2  to  13-3  of  butter,  and  no  sugar. 

CheMe  is  cosoine  in  a  state  of  incipient  or  progressive  deoom- 
ition  or  putrefaction.  In  the  iiner  kinds  of  cheese,  there  is 
Im^  proportion  of  butter,  and  to  the  volatile  acids  of  tho 
itter  may  be  ascribed  the  flavour  of  cheese.  Some  kinds  of 
eheeie  arc  full  of  what  are  colled  eyes,  that  is,  hollows,  oaused 
hj  the  formation  of  bubbles  of  gas  ;  and  in  these  hollows,  a 
}uid  is  sometimes  found,  contaiuing  free  ammonia,  a  product 
decomposition,  which  greatly  heightens  the  flavour,  and  also, 
|to  judge  by  the  tlavour,  some  of  the  volatile  acids,  such  as  butyric 
il,  pnibably  as  salts  of  ammonia.  When  the  blue  mould 
in  cheese,  it  ia  in  a  state  of  rapid  decay  or  ercmacausis, 
id  mnoh  ammonia  is  given  ofl'.  Littlo  is  yet  known  of  the 
ioal  diiiercnces  in  tho  making  of  diflV-rent  kinds  of  cheese. 
lO  riohett  are  made  almost  entirely  from  cream,  as  Stilton  and 
■•a.  Others,  as  Gruyere,  Gloucester,  Chcshiri-,  and  Dutch 
,  are  made  with  fresh  unoreamed  milk,  or  mixtures  of  this 
th  cream ;  and  more  or  less  salt  is  used,  aa  well  as  diiforeat 
ethods  of  coagulating,  iu  difl'erent  iilaces. 
It  is  probable  tliat  a  careful  study  of  Uiese  processes  would 
ad  to  the  discovery  of  tho  means  of  giving  to  olieeso  any  desired 
ivour,  although  it  is  commonly  believed  that  much  more 
|i«nds  on  the  nature  of  the  posture.  This,  no  duubt,  has  some 
fluenco  :  for  in  Gruyero  cheese  wc  often  perceive  a  garlic  flavour, 
iTed  from  wild  garlic  on  the  hilb.     Uut  since  the  chief  oauae* 
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of  the  flavour  are  products  of  decomposition,  we  may  infer  tlul 
the  method  of  manufacture  will  have  a  great  intluvnce  in  thii 
respect. 

OASTKIC  /ncB. 

This  juice,  as  extracted  from  the  stomach  of  execubxl  orimi- 
nols,  is  colourless  or  slightly  yellow,  turbid,  and  distinctly  acid. 
It  contains  free  ocida  along  with  chlorides  of  pofnssinm  and 
sodium. 

The  nature  of  the  free  acid  present  in  the  gastric  juice  hss 
been  disputed.  When  it  is  diiitilled,  free  hydrochloric  acid  is 
obtained,  and  this  is  often,  {lerhaps  always,  aooompoaied  by 
butyric  acid.  But  it  must  be  remembered  that  these  acids  tn 
volatile,  and  that  therefore  their  presence  in  the  distilled  liijnid 
affords  no  proof  of  their  existence  in  the  free  atote  in  the  gostris 
juice.  On  the  other  hand,  Lebmonn  obtained  from  the  gastxia 
juioe,  by  a  {)eculiar  process,  a  salt  of  magnesia,  which  he  analyatd, 
and  which  Liebig  has  shown  to  be  lactate  of  magnesia.  Then 
van  be  no  doubt  of  the  presence  of  phosphoric  a«id,  fro*  «r 
combined  ;  and  it  is  most  probable  tliat  in  the  normal  juice,  tha 
fixed  acids,  phosphoric  and  lactic,  are,  in  port  at  least,  free,  vhila 
Uie  volatile  acids,  hydrochloric  and  butyric,  are  iiresrat  in  tiia 
form  of  salts.  In  the  distillation,  the  latter  are  expelled  in  tJtS 
free  state,  the  fixed  acids  taking  their  ]>lace.  This  riew  is  ooo- 
tirmed  by  the  phenomena  exhibited  by  the  juice  of  fieab  (set 
Liebig's  Kcscarches  on  the  Chemistry  of  Food,  and  the  next 
section  of  this  work),  which  undoubtedly  contains  fr«e  loctie  and 
phosphoric  acids,  (or,  what  is  the  same  thing,  acid  phospkatai 
and  acid  lactates,)  along  with  chlorides,  and  sppeara  to  hare  a 
very  close  resemblance  to  the  gastric  juice. 

The  property  of  dissolving  or  digesting  food  sooh  as  aIbniiieo« 
fibrine,  oaseine,  &o.,  is  owing  in  port  to  the  presence  of  free  acid, 
and  in  part  tv  the  presence  of  a  jrartion  of  the  lining  metubnae 
of  the  stomach  dissolved,  and  in  a  stato  of  ohang«!.  The  gultiu 
juioe  converts  into  chyme  or  digests,  albumen,  tibrine,  Ac,  cot 
of  the  body  as  well  as  in  it,  if  the  temperature  of  the  stomaoh  b* 
kept  up  ;  and  water  acidulated  with  a  trace  of  hydroohlorio  aoid, 
aud  afterwards  left  for  '.ii  hours  in  contact  with  the  lining 
I  brano  of  the  stouuoh,  acquires  in  a  Terj  high  it{ 
•ol  vent  [)ower  of  the  gastric  juioe.  Water  thus  prepared 
in  8  to  12  hours,  at  the  temperature  of  from  HG"  to  10i°, 
boiled  wliito  of  egg,  4c.,  which  nn^uires  4  days  at  a  tem[ 
of  108'  to  170'  to  bo  dissolved  by  water  merely  acidulated  witi 
the  same  jiMjtorlion  of  acid,  but  not  plnotxl  in  contact  wiUi  the 
stomach.  Thia  latter  fluid,  however,  distolros  meat  bcttrr  tJisn 
it  doe*  albumen,  because  the  meat  suppliea  some  mHubnaoitt 
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tter  in  a  state  of  change,  by  which  the  solution  of  the  fibrine 
mnoh  promoted. 
All  attempts  to  isolate  the  supposed  principle — ■pepsine,  as  it 
was  called,  which  in  supposed  by  some  to  bo  the  solvent  of  food 
in  the  stomach — have  failed.  The  gastric  juice  has  only  yielded 
traces  of  animal  matter,  and  we  have  not  yet  any  proof  that  its 
solvent  action  depends  on  a  peculiar  compound,  and  is  not 
ntlier  the  elfect  of  a  kind  of  fcrmeatation  induced  in  the  food  by 
contact  with  the  particles  of  the  dissolved  epithelium,  themselves 
in  a  »t»te  of  change,  and  consequently  of  motion.  Ou  the  whole, 
'  en,  taking  into  account  the  facts  of  artificial  digestion,  it 
pears  most  probable  that  digestion  is  a  process  analogous  to 
fermentation  in  the  conditions  under  which  it  takes  place,  namely, 
a  certain  temperature,  and  contact  with  azotised  matter  in  a 
rt4te  of  deoomposition  ;  but  differing  from  the  usual  forms  of 
fermentation  in  its  phenomena,  no  gas  being  disengaged,  and  its 
ief  result  being  the  solution  of  an  originally  insoluble  matter, 
to  tlie  conversion  of  starch  into  sugar,  by  contact  with 
r  infusion  of  malt.  But  the  gastric  juice  cannot  effect 
eetnwsinn  of  starch  into  sugar,  and  therefore  digests  only 
wuiguigenous  matter. 

JUICS  OF  FLXSH. 

The  muscular  mass  of  animal  bodies  is  chiefly  composed  of 
muscular  fibre  (fibrine),  coloured  by  blood,  contained  iu  innu- 
merable small  vessels,  of  tJiose  vessels,  of  nerves,  of  tendiaoua 
itttr,  and  of  cellular  tissue.  More  than  |ths  of  its  weight  is 
rnter,  which,  holding  in  solution  a  great  variety  of  substances, 
cnetrates  every  part  of  the  mass,  and  oonstitutoa  the  juice  of 
K,  as  it  is  termed.  This  fluid  is  contained  citiier  in  peculiar 
inute  vessels  or  in  the  cells  of  the  cellular  tissue,  and  when 
he  flesh  is  finely  chopped  and  pressed,  the  juice  is  obtained 
■or«  or  le8«  mixed  with  blood.  The  best  method  is  to  mix  the 
bopped  flesh  with  water,  to  squeeze  out  the  mass,  and  to  repeat 
kis  process  if  necessary.  In  this  way,  the  juice  of  flesh  is 
btaiued  in  a  somewhat  diluted  state,  and,  as  already  stated,  not 

from  bloo<l. 

This  fluid  has  roeontly  been  studied  by  Livbig  (Researches 
the  Chemistry  of  Food  *)   with  very  interostiag  results.     It 
uniformly  neutral  or  acid,   more  frequently  acid,  and  when 
tutrol  immediately  after  death,  it  suon  becomes  acid;  and  the 
I  prenent  are  lactic  aoid,  in  largo  quantity,  phosphoric  acid,  a 
otisvd  ooid,  inotinie  acid,  and  in  smaller  quantity  some 
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other  orgftuic  acid,  not  yet  examined.      Xo  salpliqrie  Mid  it 
nrei«Dt^  save  a  trace  from  tbe  blood.     Tiic  boie*  are   potaih  in 
lar^  {iropoilioDK,  botb  aa  pbocphate,  lactate,  inosiiiatc,  Ac,  tad  j 
as  ohloridt<  of  ]:Nitassium  ;  soda  in  much  smalltir  (^aBiitily,  oliieftf  I 
as  chloride  of  sodium,  (aod  probably  derived  from  the  blood,  st| 
least  for  the  mo«t  {mrt) ;  Btagnecia ;  lime  ;  tbe  latter  in  much 
smaller  proiiortiuo ;  and  krcatine.      Tbe  juice  cuntaioi  bciidc*, . 
albumen  dissolved,  which  is  coagulated  by  beat,   aiid  arooaDlij 
to  from  2  to  3  ]>er  cent.  o(  the  weight  of  the  flosh.     Tho  iasuiubU  ' 
residue  of  tibriue,  &o.,  amuuuUi  when  dry  to  17  or  18  per  eaat^ 
80  that  the   average    oompositioa    of    lleaU   will   be  neariy  at 
follows : — 

Water 7* 

Fibrine,  renela,  nerves,  cells,  k6.  tt 

Solable  ft'!'"""",    ^-         •.•;-•        •     .,•     .    •  *'' 

„^,,^,  <  Add*  and    hases,    organic  and   moitauc,    ouoimm, 

I,         aod  kreatina  .....  S'Sfl 

IWH 

It  ia  obviooj  that  in  order  to  study  with  sucooas  the  i 
matters  not  coagulated  by  heat,  we  must  operata  on  \tagi 
quantities  of  flesh,  since,  for  example,  lu  lb.  of  flesh  will  nrt 
yield  more  than  4  oz.  of  these  substances,  among  which  are  fit* 
or  six  acids,  and  as  many  bases,  besides  chlorine  and  krvatise. 
Thus,  from  10  lb.  of  beef,  only  about  60  grains  of  kiMtiae  Ota 
be  obtained. 

Kreatiiie,  This  substance  was  first  noticed  by  Cberreul  inj 
the  soup  or  extract  of  meat,  but  as  he  obtainod  it  in  very] 
small  quantity,  and  other  chemists  did  not  succeed  in  proi.'urin|J 
it,  its  composition  was  unknown,  and  its  existence  was 
doubted,  as  an  ingredient  of  flesh,  Berzelius  having  sa 
that  it  might  be  an  ocuidental  pruduot  of  docompositioo. 
showt-d  that  it  u  always  prewnt  in  all  kinds  of  flesh,  at  le 
in  all  those  tried  by  him,  namely,  in  tlie  flesh  of  tlic  bor»o,  oZfl 
ox-heart,  sheep,  pig,  calf,  roe-dccr,  hare,  morten,  rod-deer,  fax,  f 
fowl,  and  pike.  Schlossbcrgcr  had  shortly  before  obtainol  a  I 
trace  of  it  from  the  flesh  of  an  alligator,  althouirh  I'jo  littlt  for  1 
analysis,  and  I  have  since  found  it  ii 
pigeon,  skate,  cod,  haddock,  salmon,  he. 
a  large  amount  of  the  flesh  of  the  dog-liah  1  ubtuiuv-d  a  iu«r 
traeo  of  it,  but  it  has  since  been  found  in  the  flrsh  of  rcfirra.' 
Licbig  obKerved  that  when  the  juice  con' 
the  kreatinc  is  destroy td  or  rendered  uu'  : 
acid.  Hy  ueutxttlisiug,  therefore,  the  juice,  obi 
anontioned,  (after  heating  it  so  as  to  coagulate  tin 


KREATINB. 


527 


uting  the  ooagvlated  albumen  bj  filtration),  witli    borytA 

tier,  and  evaporating  to  tlie  consistence  of  syrup  ot  I'.Uf  or 

he  obtained  the  kreatine  in  quantity  amply  isuUicicnt  to 

low  him  to  study  its  composition  and  obaractcrs.      The  fol- 

iig  table  contains  his  results  and  my  own,  in  regard  to  the 

oportion  of  kreatine  obtained  &om  several  kinds  of  tiesb.     It 

be  seen  that  in  all  it  is  small,  var^-ing  from  0-(iU7  to  3-21 

1000. 


1000  putt  uf  llie  fleeh  of  fowl  jielded  of  kr««tiue 
oi-hcArt      „        „ 

lOOO  puts  of  the  flesh  of  cod  yielded  of  kreatine      , 


Liebiff.    Gregory. 


n-37 

1.1  41 


5 
8 

0U.S5 
1-710 
2106 
2-516 
3  012 
0  825 


0-7S         — 
0-097      — 

—  0-607 

—  1-504 

—  132t 
_   ri457 

11 -SOS 

—  1-512 


ingeon  ,,        ,, 

horse  „        „ 

at  •>  ., 

•kale  „  „ 

liaildbck  ,,  ,, 

uliuuD  ,,  ,, 

herring        ,,        ,, 

turlwt         ,,        ,, 

Fowl  yields  the  largest  proportion,  but  kreatine  is  obtained 

such  more  cheaply  from  cod.     I  find  that  the  chopi>cd  co<l,  well 

ixed  with  little  more  than  it*  own  weight  of  wntir,  iiud  pressed 

It,  yields  a  fluid,  which,  when  neutralised  (after  the  ooagulation 

the  albumen)  by  baryta.   Altered  to  separate  the  ph<>s[ihato  of 

nryta,  and  gently  evaporated  till,  on  cooling,  it  fornis  a  thin 

tlly,  deposits,  on  standing,  kreatine  in  lar);o   rrv-stals  nearly 

In  one  exiierimcnt,  2o  lb.  of  cod  yicldi-d   1(H  grains ;  in 

Bother,  no  lb.  yielded  350  grains.     In  recent  exjicrimenls,  I  have 

bbtained  from  cod  2  to  2-5,  and  once  even  3  per  1000,  so  that  ood 

ay  yield  abnut  as  much  as  fowl,  and  from  its  clieupuess,  oud  the 

lity  uf  extracting  it,  is  by  far  the  best  source  of  kreatine. 

riationa  in  the  amount  of  kreatine  in  cod,  may  de|iend  on 

on  or  on  the  age  of  the  fish.     The  crystals,  by  one  rcorya- 

illtation  from  6  or  7  parts  of  boiling  water,  are  rendered  quite 

The  kreatine  obtained  from  haddock  was  less  pure  than  thnt 

■kato  or  cod,  and  was  evidently  mixed  with  a  lesa  soluble 

r,  the  nature  of  which  I  have  not  had  time  as  yet  to  aset-rloin. 

Kreatine  forms  brilliant  hard  prismatic  crystals,  efllureiicing  at 

112',  very  soluble  in  hot  water,  less  so  in  cold  water,  sparingly 
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potash.  Thig  salt  is  strongly  acid,  and  ohiefiy  oontributos  to  tliu 
acidity  of  the  juioe.  It  is  most  important  and  worthy  of  remark, 
that  the  blood,  which  is  separated  from  the  juioe  of  tlesh  only 
by  the  finest  membranes,  oell-waUs,  or  parietes  of  vessels,  is 
invariably  alkaline,  containing  the  common  phosphate  of  soda, 

P  0«    ]  IT  Q       I  ,  a  salt  which  is  always  formed  when  phosphorio 

aoid  acta  on  chloride  of  sodium  or  salts  of  soda,  and  which  is 
strongly  alkaline. 

Here  we  observe,  first,  that  while  soda  is  essential  to  blood, 
potash  is  equally  essential  to  the  juice  of  flesh  ;  secondly,  that  in 
theae  two  fluidn,  soda  and  potash  cannot,  as  in  so  many  other 
caaes  they  can,  replace  each  other  ;  thirdly,  that  by  this  arrange- 
ment, an  acid  and  on  alkaline  Huid  ore  constantly  in  close  yioinity 
to  each  other,  separated  only  by  membrane,  at  all  parts  of  the 
body  ;  fourthly,  that  being  at  the  same  time  in  contact  with 
muscle  and  nerve,  the  conditions  of  electric  currents  ore  present ; 
while  such  currents,  as  is  known,  have  recently  been  proved  by 
Matteucoi  to  exist.  Lastly,  that  animals  cannot  form  blood  or 
bile,  unless  their  food  contain,  along  with  phosphates,  salts  of 
■oda,  or  at  least,  chloride  of  sodium,  bo  that  when  they  ore  fed  on 

.e  land-plants  of  certain  soils,  in  which  sodiiun  is  nearly  absent, 

immou  suit  must  be  given  to  them. 

The  function  of  the  phosphate  of  magnesia,  which  occurs  in 
large  quantity  in  the  juioe  of  flesh,  is  not  yet  even  oo^jeotured  ; 

.t  it  oannot  be  doubted  that  oU  the  substances  present,  organic 

W«U  u  iaorganio,  hare  eaoh  a  speoial  part  to  perform. 

SUJTA. 

The  chief  nse  ot  the  saliva  is  to  assist  in  digestion,  whether 
itself  oontaining  animal  matter  in  a  state  of  change,  or  by 
remnrkuble  power  of  inclosing  and  retaining  bubbles  of  air, 
the  oxygen  of  which  commences  the  change  necessary  to  digos- 
on  coming  in  contact  with  tlie  food  or  the  stomach  and 
iirio  juice.  To  serve  this  purpose,  the  saliva  has  a  very  great 
of  viacidity,  so  that  it  froths  up  easily,  and  the  fruth  does 
fail  readily.  It  is  alkaline,  and  contains  hardly  more  than  I 
per  cent,  of  solid  matter,  partly  mucus,  partly  the  usunl 
ta,  partly  a  peculiar  soluble  matter,  plyalme,  which  acts  as  a 
t,  and  readily  converts  starch  into  sugar.  As  it  cannot 
live  albuminous  matter,  while  the  ga&tiio  juice  cannot 
eottvert  starrh  into  sugar,  the  saliva  would  seem  to  bo  intended 
tor  the  latter  puriMise.  The  salts  of  the  saliva  are  the  chlorides 
of  potaauum,  sodium,  and  oaloiua,  some  potash,  and  soda,  with 
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r  A  large  proportion  of  bone-earlli.  It  appeals  also  to  oaoUts  t 
Efrsce  of  sulphocyauide  of  potnssinm :  at  least  it  red<icn*  vilh 
Ipertalts  of  iron  ;  and  although  acetatc-s  do  thu,  tlier«  ia  stmt 
on  to  ascrilic  the  effect  here  to  sulphncranidcs. 
The  jiancTcatic  juice  rcccmbles  saliva,  but  apppon  to  (w  | 
[•lightly  acid,  and  contains  8  or  9  per  cent,  of  solid  matttf, 
[iiiduditig  ptyaliuc  and  a  matter  like  caseine.  This  juii 
r  Added  to  the  chyme  in  its  paaaage  through  the  duodenom,  i ' 

with  the  bile  and   intestinal  mucus.     Bemanl   has  ahoiml 

the  pancreatic  juice  ha*  the  property  of  decomposing  fati 
,  cetLing  free  the  acids,  and   that  by  its  means    fat   ia 

capable  of  entering  the  absorbent  Teasels.     The  latter  i 

is  doubtful. 


xxoxKiLUi's. — rKnrK. 

The  chyme,  after  receiving  the  pancreatic  juice,  the  bQs,  wA 
mucus,  passes  along  the  intestine,  where  the  absorbents  or 
lacteals  take  up  the  fluid  part,  leaving  the  insoluble  portioBt- 
The  chyle  or  absorbed  fluid  is  partly  conveyed  into  tha 
miual  veins,  and  partly  made  to  pass  through  numerous  i 
(in  which  process  it  loses  its  acid  reaction,  becomi'it'  nlluli 
from  which  it  proceeds  to  the  thoracic  duct,  and  is  tl« 

lymph,  poured  into  the  vena  cava  to  mix  with  the  w^.  ■,.>  •...^/.J;, 
In   tlie    mean   time,    the  insoluble    parts    of  the    ohymt  *n 
rejected,  and  oooomulate  in  the  large  intestines,  rariooi  giMi 
being  disengaged,  such  as  carbonic  noid,  hydrogen,  carbonttld 
hydrogen,  nitrogen,  and  siLi|iburettcd  hydrogen. 

The  solid  excrements  of  man  contain  very  little  matter  i 
in  water,  and  consist  of  woody  fibre,  with  fatty,  resinous, 
waxy   substances,   and   finally  the   insoluble    salts  of  the  tMi, 
namely,  phosphates  of  lime  and  magnesia,  with  tracea  of  lolabit 

)  salts,  and  some  silica. 

The  urine  of  man  contains  urea  and  uric  acid,  also  hip 
acid,  kreatine,  and  krcatinine,   and  other   organic   comp 
very  imperfectly  known.     Its  acid  reaction,  aooonliag  to 
depends  on  the  fact  that  phosphate  of  soda  dissolraa  Qriv  j 

khippurio  acids,  forming  an  aoid  solution.     If  40  graias  of 

phosphate  of  soda   I"  0'  )  tr  V)       !  >  ^°  grains  of  urio  aoid,  tol 

IS  grains  of  hippurio  aoid,  be  dissolved  in  1  lb.  of  hot  watar,  s 
,  aolntioo  is  formed  which  on  cooling  deiiosits  "^  grains  of  orit 
[add,  and  the  remaining  liquid  forms  an  artificial  urine,  wkidk, 
tJike  the  natural,  is  acid.  Urine  contains  also  phoaphorio  ariil, 
Magnesia,  often  ammonia,  soda,  phosphate  of  soda,  common  stlt. 
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lilpliurio  acid,  or  sulphate  of  soda,  ia  short,  the  Boluble  salti  of 
he  food,  nlqng  with  sulphinio  acid  formed  by  the  oxidation  of 
Ite  sulphur  of  the  tissues.  The  addition  of  ammoiua  to  urine 
tuses  a  precipitate  of  phosphate  of  lime. 

Fresh  urine,    filtered    (to    separate    muous)   into  a  perfectly 

leaa  vessel,  keeps  unchanged  for  weeks  or  even  monlhs ;  but 

'  in  contact  with  deoompo&ini;  animal  matter,  the  urea  ia  speedily 

ransformed  by  putrefaction  into  carbonate  of  ammonia,  while 

bosphate  of  lime  is  precipitated,  the  urine  becoming  strongly 

Ikaline. 

The  urine   of  the   berbivora  contains   much  uric   acid,   also 

'  liippuric  acid  :  that  of  the  camivora  contains  more  urea,  and  is 

strongly  acid :  uric  acid  predominates  very  greatly  in  the  urine  of 

birds,  and  that  of  reptiles  is  nearly  pure  acid  urate  of  ammonia. 

When  benzoic  acid   is  administered  internally  it  appears  in 

lie  urine  as  hippuric  acid,  which  latter  acid  ia  generally  present 

,  small  quantity  in  urine.     It  has  also  been  found  that  nitro- 

tnzoic  acid  is  changed  in  the  body  into  nitrohippuric  acid,  a 

rw  acid,  in  which  1  eq.  of  hydrogen  in  hippuric  acid  is  replaced 

nitrous  acid.     The  acid  reaction  of  human  urine  ia  not  owin^t 

lactic  acid,   as  was  formerly  snpposed,  but  to  free  uric  aoid 

Sssolved   by  the  phosphate  of  soda.     The   urine  is  sometimes 

Futml,  and   always  becomes  alkaline,  when  the  food  contains 

Its  uf  potash  or   soda   with    organic   acids,  because,  the  acids 

ing  oxidised  in  the  body,  yield  carbonates  of  the  alkalies.     It 

tident,  therefore,  that  by  attention  to  diet,  the  urine  may  be 

ought  into  any  desired  condition,  as  will  be  more  folly  explained 

treafler. 

When  water,  or  a  very  weak  saline  solution,  is  taken  into  the 
oh  in  successive  large  quantities,  it  is  rapidly  absorbed  by 
Dosif,  and  the  urine  becomes  more  and  more  diluted,  till  at 
last  it  resembles  the  water  that  has  been  taken.  But  if  a  solution 
containing  as  much  saline  matter  osithe  blood,  or  a  little  more,  is 
taken  into  the  stomach,  it  is  not  absorbed,  and  the  stomach 
becomes  so  loaded  that  tlio  experiment  cannot  be  continued.  If, 
•gnin,  the  solution  be  much  stronger,  the  water  of  the  blood 
es  outwards  by  exosmosis,  and  produces  diarrhoea.  This 
Kplains  the  purgative  action  of  neutral  salt,  which  is  well 
lemplified  by  sprinkling  salt  on  a  portion  of  fresh  membrane 
Rfih  as  bUdder,  or  on  meat,  both  of  which  yield  water  and  are 
Dn  swimming  in  brine. 

Tbo  salts  of  the  urine  and  of  the  excrements,  being  derived 
ectly  from  the  food,  vary  according  to  its  nature,  the  soluble 
Borganic  salt*  of  the  food  being  found  in  the  urine,  the  insoluble 
"Mite    ia   the  exoremcnte.    Thus,  the  aahei  of  the  food  of  tha 

K  M.  "i 
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oarnivora  contain  no  carbonates,  but  are  rich  in  pho«pha(««,  sad  i 
such  alio  is  the  case  with  the  salts  (or  aahes)  of  t\ieir  exert-U,  | 
liquid  or  solid.  In  fact,  if  we  Unow  the  nature  and  oompotftioa 
of  the  aahes  of  the  food,  wo  can  tell  at  onoe  the  aalta  of  tho 
urine.  In  an  adult  animal,  the  quantity  of  salti  exeivted  ti 
precisely  equal  to  that  contained  in  the  IngMta,  and  tbarrftni 
by  altering  the  food,  we  can  alter  at  pleasure  the  natun  4 '  '* 
salts  in  the  urine. 

As  an  example,  we  may  here  adduce  the  oaae  of  the 
which   animal  consumes,   in   his   food,   a    certain    ((uaotity 
mineral  substances,  derived  ultimately  from  the  soil ; — 


Tac  HORBB.                                                 ^n 

Conimna*  ofMlQersI  SubsUacea. 

BxcnUa  of  Mlnwal  BatatetMM, 

InlBlb.  ofh»T,          18^n 

In  4-54  lb.  of  oats,        2-<6    .21-43 

In  water         .                0  J2 

Inthenriae.         .       3-511.,^. 
In  the  but*      .     .     18-3</**^ 

The  above  result  is  one  obtAined  by  actual  and  Tcry  eanfd 
experiment,  and  the  nature  of  the  salta  is  found  to  b«  the  I 
as  indeed  must  obviously  be  the  cose,  as  lonjf  as  the  »nim«l  data 
not  ohan^  its  weight.  A  growing  animal  will  retain  the  phi»- 
phiites  in  port  to  aid  in  furminj;  bone,  and  on  old  or  woatiaf 
animal  will  give  out  more  salts  than  are  taken  in. 

It  is  obvious  that  analyses  of  urine  or  excrement  are  tuiaeoW' 
sary  if  wo  can  examine  the  food ;  and  that  in  general  thejr  molt 
be  useless,  since  we  can  never  expect  the  some  reault  twil*>, 
unless  where  the  food  is  not  varied. 

The  excrements,  according  to  Liebig,  represent  the  xneMB" 
bustible  and  unbiirned,  or  partially  burned  ingredient*  of  th* 
food,  and,  if  we  view  the  body  as  a  furnace,  in  wliioh  the  aaiaial 
heat  is  produced  hy  the  oxidation  or  oombustion  of  the  food,  th*y 
correspond  to  the  soot  and  ashes  of  a  common  tire.  That  thrjr 
contain  partially  oxidised  matter  is  proved  hy  the  fact,  (voent]/ 
obsen'ed  by  Liebig,  tliat  the  albuminous  ooropounds,  wbra 
partiiiUy  oxidisi^d  by  fusion  with  potash,  yield,  on  tlie  lehsaqaMit 
addition  of  an  acid,  volatile  matters  poeeeiai&g,  aocordii^  to  \i» 
albuminous  substance  employed,  tlie  peeoliM'  «doart  MhUk 
choructtri.se  the  fasoes. 

It  is  plain  from  this,  that  the  offensive  odour  of  ox 
depends  on  the  presence  of  intermediate  pr™ltirti  of  oi 
.'Which,  when  duly  exarained,  will  throw  i  .)U  the  i 

Laftho  loaguiguQuus  oom(>uuuaa  which  yicK!  umc  ( 
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Bpoonds  exist  in  urine,  and  give  to  it  its  peculiar,  and  in  some 

iuiala,  Tory  offensive  tmell.     According  lo  SUideler,  the  urina 

'  the  cow  contains  an  offensive  product,  which  is  rottolved  into  a 

culiar  nitrogenised  product,  and  one  or  two  pi'Ouliar  acids.     It 

contains,   besides,    salts  of  three  acids.     The   acids  which   h« 

_observed  in  the  volatile  products  are,  first,   taurylie  acid,   Ci« 

Ib  0«  ,  isomorio  with  anisolo,  and  perhaps  identical  with  creosote. 

properties  it  resembles  carbolic  acid,  and  is  probably  ita  true 

homologue,   anisole  being  a  neutral   body.     Secondly,   carbolic 

^fiicid  itoelf,  well  known  as  a  product  of  destructive  distillation, 

111  Hs  0>.     These   two  acids,   taurylie  and  carbolic,  ore  very 

laimilar.     Thirdly,  damalaric  aeid,  Ci.  Hii  0«  =  Ci.  Hn  Os,  HO, 

which  is   a  volatile  acid,  with    a   smell   analogous  to  that  of 

Taleiianio  acid.     It  has  the  same  relation  to  conanthylio  acid, 

Ci«  Hi«  0«,  as  angelicio  acid  has  to  valerianic  acid,  and  aorylio 

old  to  propyliu  acid.     Fourthly,  damolic  acid,  also  volatile,  and 

obably  Cm  Hh  0»  ,  that  is,  standing  in  the  same  relation  to 

oinic  acid.  Cm  Hm  0«  ,  as  damalaric  acid  does  to  oenanthylio 

acid.     There  are  several  other  products,  not  yet  examined  ;  but 

the   above   are   olearly    products  of  incomplete  oxidation,   from 

their  resemblance  to  products  of  destructive  distillation,  which  is 

aly  a  process  of  incomplete  oxidation.     And  it  is  a  very  singular 

ation  of  Liubig's  views,  that  urine  should  be  fouud  to 

'oontoin  carbolic  acid,  one  of  the  ingredients  of  smoke,  an  acid 

isomerio  with  creosote,  another  constituent  of  smoke,  and  others 

of  the  same  class.     There   can   be   little   doubt  that  the  fetid 

products  in  the  fseoes  will  contain  the  same  substances  as  those 

h/an  doscrilH-d  from  urine,  or  others  homologous  with  tliem,  and 

eorre(|x>ntling  with  the  bodies  fo\ind  in  smoke  and  tor.     This 

would  prove  the  comparison  of  the  process  going  on  in  the  body 

I      to  combustion  in  a  fumaoa  with  a  limited  supply  of  air  to  be 

^^Wiro  than  an  illustration,  and  to  be  a  real  truth. 

^B   Otutnu,  BO  highly  prized  as  a  manure,  is  the  decayed  excrement 

^Hf  sea  fowls,  which  was  originally,  like  that  of  reptiles,  and  indeed 

^^Bao  of  birds  in  general,  mixed  urine  and  fiuces,  the  urine  being 

solid  or  semisolid,  and  consisting  of  urato  of  ammonia.    It  varies 

much  in   the   proportions   of  its  ingredients,   both   because  the 

original  excrement  must  have  varied  according  to  the  food  of  the 

birds  in  different  places,  and  also  because  some  specimens  have 

not  been  so  long  exposed  to  air  and  moisture  as  others,  and  some 

I  almost  fresh.     Thus  some  guano  contains  upwards  of  30  per 

Bt.  of  uric  acid,  while  in  other  specimens  hardly  a  trace  of  that 

is  loft.     The  better  qualities  of  gtiano  contain  louob  am- 

1,  partly  free  or  as  carbonate,  as  proved  by  its  odour,  portly 

Dnbincd,  as  sol    ammoniac,    oxalate,    urate,  and  phovplute  of 
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ammoniA  and  magnesia.    Tbej  also 
and  tnuoh  phosphate  of  lime,  the  lal 
lx>0)'>  of  tlie  tish  on  which  the  birds 
8ulj)hate  of  potash  and  aoda,  and  oxaU 
reniaindur  ia  water,  and  a  brown  mt,^ 

It  is  easy  to  see  that  gnnno 
ammonia  and  of  earthr  Hud  alka 
growing  plants,  especially  to  tho 
its  value  depends  very  much  on 
contains.  But  although  the  value  of  | 
us  Dot  overlook  the  fact,  that  while  ^ 
remote  islands  for  gaano,  that  substan 
but  the  mineral  salts  and  the  ammon 
of  Vegetables  and  races  of  animals  a 
that  it  differs  in  no  essential  point 
excreta  of  man  and  animals  nearer  ho 
those  of  man,  the  most  valuable  of 
into  the  sea  in  quantities  which  ma 
we  consume.  In  fact  we  take  out  o: 
guano,  only  part  of  what  we  throw  in 
common  sewers.  These  valuable  mat 
fully  collected  and  preserved,  as  in  C 
food  of  sea  plants :  on  these  plants  a: 
aerve  as  food  to  fish.  The  fish  are  col 
raoover  in  their  excrement  a  small  par 
throwing  away.  Another  part  of  w 
this  country,  at  a  great  expense,  in 
which,  however,  must  be  taken  from 
return  to  this  subject :  meanwhile,  1 
Europe  will  at  length  follow  generally 
done,  the  rational  example  set  by  the  « 
of  restoring  to  the  soil,  as  nearly  m 
excreta,  what  we  take  from  it  in  our 
keeping  up  its  fertility. 


Theoe  are  of  various  kinds,  acoordii 
of  the  urine. 

Uric  Acid  Calculus istite  most  frequ 
when  the  urine  is  acid.  Its  origin,  as 
is,  in  abnormal  quantity,  is  owing  t 
oxygen  being  retjuired  to  resolve  it  ilil 
ai  urea,  carbonate  of  ammonia,  or 
sedentary  habits,   highly   oorboniseij 
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rong  wine,  all  favour   iU  produotion :  the  first  by  diminislung 

supply  of  oxy;;eu,   tlio  two  latter  causes  by  seizing  on  the 

XTgen  U)  the  exclusion  of  the  uric  acid.     It  is  easily  recognised 

ly  the  action  of  pota-ih,  which  dissolves  it,  and  forms  a  solution 

from  which  acids  precipitate  uric  acid :  or  by  nitric  acid,  which 

flisMlves  it  with  eifervesoence,  and  yields,  on  evaporation  of  the 

liitioii,  a  deep  red  stain,  becoming  purple  with  potash.     Urio 

cid  calculus  is  ootumonly  tinged  more  or  less  red  or  brown. 

Wben  pure  it  is  entirely  dissipated  before  the  blowpipe. 

Urate  of  Ammonia  also  occurs,  and  is  distinguished  from  uric 
Mid  by  disengaging  ammonia  when  dissolved  in  potash. 

PhoBphate  of  Lime  is  very  frequent  when  the  urine  is  neutral 
or  alkaline.  It  is  white  and  earthy,  soluble  in  nitric  aoid,  and 
jirecipitated  by  ammonia.     It  is  Axed  in  the  lire. 

Phosphate  of  Ammonia  and  Mat/netia  is  also  pretty  frequent, 
It  dinolvea  easily  in  acetic  acid,  and  when  heated  gives  off 
ammonia,  leaving  a  solid  mass  soluble  in  acids. 

FunihU  Calcultu  is  a  mixture  of  the  two  preceding.  It  melts 
readily  before  the  blowpi(>e. 

Oxalate  of  Lime  ooustitutcs  the  mulberry  caloulns,  and  often 
ftppean  as  minute  crystals  in  the  urine.  When  heated,  it  leaves 
«arboiiate  of  lime ;  or  if  heated  in  a  tube  with  oil  of  vitriol,  it 
gives  off  carbonic  oxide.  It  dissolves  in  acids,  and  is  precipitated 
by  alkalies. 

Carbonate  of  Lime  occasionally,  but  very  rarely,  oonstitntes  a 
urinary  calculus,  easily  recognised  by  the  action  of  hydrochloric 
aoid,  which  dissolves  it  with  effervescence,  and  by  a  rod  beat, 
which  leaves  quicklime. 

Cytlie  Oxide  or  Cijttine,  and  Xanthie  Oxide,  are  very  rare 
calouli.  Their  characters  and  composition  have  been  given  under 
Vric  Acid. 


LTJCPH. 

'  This  fluid  may  be  looked  on  as  blood  devoid  of  its  colouring 
matter.  When  drawn  from  the  vessels,  it  coagulates  like  blood, 
from  the  separation  of  fibrino;  and  the  liquid  in  whioh  the 
ooagulum  has  formed  itself,  coagulates  when  heated,  like  the 
•erum  of  the  blood.  Tluman  lymph  contains  about  96  per  cent. 
of  water,  and  variable  proi>ortions  of  albumen,  fibrine,  and  salt*, 
the  salts  amounting  to  nearly  2  i>er  cent. 


BLOOD. 


This   important   fluid,  from  which  the  whole  animal  body  is 
formed,  and  by  which  it  is  supplied  and  nourished,  is  a  thick, 
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•umewliat  vUcid,  alkaline  liquid, 
puculiAT  Iniiit   odour.     It  is  d«^ 
deiuitj  of  1-0627  to  1'007. 

It  is  made  up  of  an  immenae  namb 
dialu,  floating  in  a  limpid  yellowish 
looa  oo«gal>t«B,  fortning  a  trembling 
aontracts,  expressing  a  yellowish  liqt 
oooasionolly  turbid,  and  is  always  ol. 
saline  to  the  taste. 

The  coagulation  oonsista  in  the  ■ 
ptevioasly  dbsolvcd,  which,  owing 
•aannMB  the  insoluble  state,  forming  a 
which  the  globules  are  inclosed.  If  thi 
rod,  the  fibrine  separates  perfectly  and 
it  is  in  the  form  of  wlute  filaments, 
tuapended  in  the  serum,  no  jelly  wha 
case.  Or  if  tlie  fresh  blood  be  mixec 
solution  of  sulphate  of  soda,  no  ooagn 
reniiiiiis  dissolved,  and  a  sediment  is 
the  globules  unaltered. 

The  red  glohulct  thus  prepared  may 
Pure  water  added  to  them,  or  to  the  o 
alters  their  form,  and  in  iatA  dissol 
liquid.  This  action  of  water  b  thus  ei 
formed  of  a  thin,  colourless,  and  trai 
very  soluble  colouring  matter.  They 
whioh  there  is  eiiuilibrium  between  tl 
and  the  fluid  surrounding  them.  Bnt 
with  water,  the  equilibrium  is  disturb 
plaoe,  by  which  the  contents  of  the  | 
increased  a  volume,  that  the  globules  bl 
dissolved  in  the  water.  The  torn  memi 
be  detected  by  the  microscope. 

In  saline  solutions,  the  globules  do  i 
than  in  the  serum,  Wlien  collected  in 
a  red  mass  of  the  consistence  of  honey, 
albumen,  the  latter  in  combination  % 
lu  a  concentrated  solution  of  chlorida 
lose  water  by  exosmosis,  and  oontraot  il 
in  piiro  water,  the  globules  again  aw^ 
jelly  whioh  dissolves  in  water.  Th« 
dc|)08it8  fibrine  in  white  membranous  m 
liquid,  when  boiled,  is  coagulated,  ij 
albumon. 

The  cvhunrtff  matter  of  the  blood  is 
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ombination  with  albnmon,  but  is  unknown  in  a  state  of 
purity.  The  compound  of  albumen  and  colouring  matter  is  of  a 
deep-red  colour,  becoming  bright  in  contact  with  air  or  oxygen, 

Mand  being  rendered  nearly  black  by  carbonic  and  sulphurous 
|oid«,  injphuretted  hydrogen  and  aulphurets.  Protoxide  of 
•itrogen  gives  it  a  purple  colour. 
The  red  compound  gives  2  per  cent,  of  ashes,  of  which  ^  is 
peroxide  of  iron  ;  and  iron  is  uniformly  present  in  red  blood,  which 
Is  the  only  animal  product  in  which  it  occurs.  This  iron  cannot 
be  detected  in  the  globules  or  their  contents  by  the  usual  teste, 
I  but  after  parsing  chlorine  through  the  red  solution  till  the 
colour  is  destroyed,  the  iron  may  be  detected  by  furrooyanide  of 
potassium. 

When  the  red  compound  of  albumen  and  colouring  matter 
above  mentioned  is  moistened  with  oil  of  vitriol,  so  gradually  as 
not  to  become  warm,  a  pasty  mass  is  obtained,  which  attracts 
moisture  from  tlie  air  and  forms  a  red  jelly.  If  this  be  very 
gradually  rubbed  up  with  pure  water,  it  contracts  into  a  dork -red 
matter,  which  is  surrounded  with  a  colourless  or  yellowish  liquid. 
This  liquid  is  found  to  contain  all  the  iron,  and  the  dark  matter, 
when  calcined,  leave*  a  white  ash  entirely  free  from  iron,  if  the 
operation  has  been  well  performed.  I  have  repeated  this  inter- 
esting experiment,  first  devised,  I  believe,  by  Sanson,  which 
j  proves  that,  although  the  red  compound  contains  iron,  yet  the 
colour  does  not  necessarily  depend  on  that  metal ;  for  the  colour 
is  altogether  uninjured  by  the  complete  removal  of  the  iron  just 
described,  although  the  colouring  matter  actually  obtained  in 
^Blii*  experiment  is  not  the  original  oolouring  matter  of  the  blood, 
^|%ut  mcHlitifd. 

^^      The  Jlematoiint  of  Lecanu  is  also  a  product  of  decomposition. 

It  is  prepared  by  means  of  diluted  sulphuric  acid,  alcohol,   and 

ammonia,  by  a  te<liouB  process.     It  is  dark-brown,  and  forms  red 

I       aolutiona  with  the  alkalies,  being  insoluble  in  water,  alcohol,  and 

^Bcther.     It  contains  part  of  the  iron  of   the  blood,  but  as  some 

^Hpnds  of  hematosine  contain  ^  or  ^  more  iron  than  others,  while 

^Hki  proiM-rties  continue  the  same,  it  is  obvious  that  the  iron  does 

^RKit  oontriliute  essentially  to  those  properties,  such  as  the  colour. 

Hematosine  contains  0  to  8  per  cent,  of  iron. 

But  the  iron  serves  an  important  pur{iose  in  the  blood ;  and 

Ve  have  reason  to  think  that  it  is  present  in  the  form  of  oxide, 

sulphuretted    hydrogen    and   soluble   sulphurets  cause   the 

to  become  first  green  and  then  blaek,  owing  to  the  for- 

tioB  of  snlpburet  of  iron— a   character   indicating  cither  tho 

or  some  corresponding  compound,   and   not   a  compound 

I  fktrooyauogen,  in  which  sulphurets  cannot  detect  the  iron. 
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all  ports  of  the  system,  to  carry  to  the  lungs,  there  to  be  exhaled, 
tile  carbonic  acid  formed  in  the  extreme  vtssels.  For  this  pur- 
pose it  is  admirably  adapted,  from  the  fact  thiit  it  is  alkaline, 
and  that  its  alkalinity  depends  in  herbivora  on  the  carbonate  of 

soda,  and  in  camivora  on  the  phosphate  of  soda,  P  0»  J  „  .^      I  , 

a  salt,  the  solution  of  which  abziorbs  ourbonio  acid  better  than  a 
•olatiou  uf  carbuuato,  and,  when  in  contact  with  air  or  oxygen, 
VPS  otT  the  whole  of  it ;  whereas  a  carbonate,  if  it  absorbed  as 
uch,  would  give  up  only  half  of  the  (juantity   absorbed.     This 
t  property  of  phosphate  of  soda  has  recently  been  de- 
.onstrated  by  Liebig ;  and  we  can  now  see  why  jMtash  cannot 
replace  soda  in  the  blood,  since  the  tendency  of  potash  is  to  form 

an  acid  phosphate,  F  Os  )  •>  rr  ft  (  •     Liebig  and  Enderlin  have 

also  proved  that  the  blood  of  carnivora  does  not,  as  had  been 
asserted,  contain  carbonate  of  soda. 


[       aaserU 


THE   NDTMTION    OF   PIAJfTS  AND  AKIKALS. 


The  animal  and  vegetable  kingdoms  of  nature  are  connected 
together  in  a  beautiful  system  of  mutual  dependence,  exhibiting 
a  perpetual  circulation  of  certain  elements  through  both,  the 
mineral  kingdom  being  the  point  of  departure,  and  that  also 
where  the  circulation  terminates,  to  recommence  unceasingly. 

Plants  derive  their  nourishment  exclunivoly  from  the  mineral 
world.  It  is  clear  that  the  first  plants  must  have  done  so  ;  and 
although  the  decaying  remains  of  former  plants  now  contribate 
to  Tegetation,  we  shall  see  that  they  do  so  under  mineral  forms, 
and  not  essentially ;  they  promote  vegetation,  but  are  not  indis- 
pensable to  it. 

The  mineral  food  of  plants,  then,  oonsists  of  carbonic  aoid, 
water,  and  ammonia,  aU.  of  which  are  obtained  from  the  atmo- 
sphere, and  of  sulphur  (sulphuric  aoid],  phosphorus  (jihosphorio 
acid),  alkalies,  earths,  salts,  and  metals,  all  derived  from  the  soil. 
Without  the  aid  of  the  matters  derived  from  the  soil,  the  most 
abundant  supply  of  carbonic  acid,  water,  and  ammonia,  is  of  no 
use.  But  if  a  soil  contain  these  necessary  substances,  plauts  will 
thrive  in  it,  oven  if  they  have  no  corbonio  acid  nor  ammonia 
furnished  in  the  shape  of  manure  beyond  the  usual  atmospheric 
supply,  provided  time  be  gicen. 

During  germination — a  process  which  goes  on  best  in  the  dark 
—oxygen  is  absorbed,  ond  carbonic  acid  given  out.  Heat  is  also 
fT.i  Tilted.  It  cannot  be  doubted  that  a  verj-  essential  part  is 
also  by  endoimotit,  that  is,  the  tendency  of  water  or  of 
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weak  lalino  solutionB  to  paas  through  a  membrane  or  cell-mil, 
on  the  other  sido  of  which  is  a  strong  aalint  or  auwhaiuM 
solution.  By  Uiia  means,  the  first  supply  of  water  penetrates  the 
ocU-walls  of  the  seed  and  its  embryo,  and  there  forms  a  stroDg 
solution  ;  lor  the  presence  of  moisture  and  oxygen  induces  putre- 
faction of  a  portion  of  the  albuminous  matter  always  present  is 
the  cells  ;  this  putrescent  matter  becomes  a  ferment,  and  oonTtrti  j 
the  insoluble  starch,  stored  up  in  the  oells,  into  soluble  sogir,  u  I 
happens  in  on  infusion  of  malt.  But  it  likewise  renders  solaihU 
the  whole  remaining  albuminous  matter,  oa  happen*  whm 
librine  is  left  under  water.  Thtu  the  oells  become  flUsd  with  a 
strong  solution  of  sugar,  albumen  (tibrine  or  caseine)  anil  salU, 
and  now  endosmosis  rapidly  goes  on.  The  oells  beoome  dis- 
tended, and  those  of  the  embryo  are  deyeloped  according  to  tht 
vital  law  impressed  on  them  at  their  formation,  producing  " 
by  a  constant  formation  of  new  oells.  Such  is  the 
germination ;  but  it  must  be  noticed  that  already  Mrtaia  1 
compounds  appear,  apparently  formed  in  the  oells  ont  of  tbai 
carbonic  acid,  water,  and  ammonia  supplied  from  the  atmosphMS 
either  directly  to  the  first  leaves,  or  indirectly,  through  the  wals 
pereoluting  the  soil,  to  the  oells  of  the  radical  fibrils,  along  witli 
phosphates,  alkalies,  and  common  salt. 

Here  first  oomca  into  play  that  amazing  ohemioal  foree,  fay 
which,  in  the  vegetable  cell,  carbonic  acid  is  decomposed,  and  its  i 
oxygen  given  out ;  while  water,  ammonia,  and  the  mineral  talti 
are  all  rendered  available.     This  demands  the  aid  of  light,  bat, 
as  already  mentioned,  even  in  germination,  and  in  plants  which 
are  etiolated  or  grown  in  the  dark,  certain  new  compounds  hare 
been  formed,   such  as  occur  under  the  influence  of  light  also. 
WHiether  these  are  formed  in  the   some  way  without   as  witii 
light,  is  not  known  with  certainty,  but  as  in  the  dark  oxygen  b 
absorbed,  not  given  out,  we  may  suppose  that  they  are  pirodtiead  j 
in   germination  by   a   process  of  putrefaction  or  destmetiaa  flf  1 
more  complex  molecules,  such  as  those  of  albumen.     The  sab-  ' 
stances  here  alluded  to  are  certain  vegetable  acids,  found  is  the 
juice  of  germinating  soeda  and  etiolated  plants,  and  eapoetally  { 
malic  acid  and  nialamide  or  asparagino,  formed  from   mal»t>  Ol  I 
ammonia  by  the  loss  of  water.    This  body  is  very  abundant  in 
etiolated  plants,  such  as  asparagus  and  vetcbta  grown  in  the 
dark  ;  it  is  also  found  naturally  in  Atthita  ojffieinatu.     Now  w% 
may  supixiso  malic  acid  to  be  formed  by  the  decompositum  of 
albumen,  slung  witii  ammonia,  by  a  kind  of  fermentntion,  ao 
long  Kg  light  is  absent ;  or  it  may  be  formed  from  the  sugar  hj 
oxidation,  a  process  active  in  germination.     Thus  2  eqa,  of  irj 
L  grape  sugar,  C»  Hm  Cm,  with  12  eq*.  of  oxygen,  nwy 
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0>f  hydrated  malio  acid,  3  (Ci  IJa  Oio)  =  C«  Hir  On,  and 
•qo.  of  water.     The  malic  ooid  thus  formed,  in  contact  witli 
'aanttooia,  derived  from  tlie  atmosphere  or  from  albiunen,   will 
juld  malMuide  (a«paiagine).     Cs  H«  0« ,  2  N  II4  0  =  2  H  0  + 


C»  TStllwCh 


Malate  of  A-mmonla. 


lUUmldc. 

A*  1000  M  light,  howoyer,  oomes  into  play,  the  tnie  vegetative 
piooeas  begins :  oarbonjo  acid  is  decomposed  and  oxygen  given 
out,  and  the  carbon  of  the  catbonic  acid,  with  varying  proportioni 
of  oxygea  and  hydrugen  from  water,  of  nitrogen  from  ammonia, 
ad  of  sulphur  from  sulphuric  acid,  produces  with  the  aid  of 
liosphates,  alkalies  and  salts,  in  the  vegetable  cell  all  the  vast 
vty  of  vegetable  produots.  It  is  here  that  the  prodigious 
nicol  power  of  the  vegetable  cell  oomes  into  ploy,  and  this  i» 
at,  that  it  is  able  to  perform,  gradually,  at  the  ordinary 
eratore,  what  the  most  powerful  agencies  of  heat  and 
dectricit}-  cannot  do  in  tho  laboratory,  namely,  to  decompose 
^sarbonio  acid,  setting  free  its  oxyyen.  But  we  ore  not  to  suppose 
liat  the  carbonic  acid  is  totally  deoompoaed  into  carbon  and 
Kygen,  and  that  the  carbon,  thus  set  free,  combines  with 
^drogen,  oxygen,  nitrogen,  &c.,  to  yield  vegetable  products,  for 
I  insolubility  of  carbon  would  prevent  this.  Of  a  number  of 
dat^d  molecules  of  carbonic  ucid,  some  lose  part  of  their  oxygen, 
the  residue  of  these,  wiUi  the  remaining  carbonic  acid  and 
iter,  &o.,  enters,  at  the  moment  of  separation,  into  new  forms 
on.  It  is,  Uiererure,  neoessary  to  consider  the  effeol 
on  as  it  is  manifested,  first,  on  carbonic  acid  and  water 
secondly,  on  these,  with  the  addition  of  ammonia; 
and  lastly,  on  all  these,  with  the  aid  of  sulphuric  acid.  The  tirst 
yields  tlie  non-nitrogenous  oompounds ;  the  second,  the  uitio- 
geniited  comiiounds;  and  the  third,  thoso  which  contain  both 
dtrogen  and  sulphur. 
Kven  when  carbonic  acid  and  water  are  brought  together  in 
ot-U,  this  is  not  enough.  There  must  be  preseut,  lir«t, 
bumiuous  matter,  without  which  no  active  cell  can  exist; 
ondly,  mineral  matter,  especially  alkalies,  phoaplmtes,  and 
iU.  All  these  conditions  being  fuliillod,  and  light  being 
riitted,  we  may  supjiOHo  the  tlrst  organic  acid  formed  to  be 
lie  acid,  tho  least  complex  of  all.  Crystallised  oxalic  aoid  is 
I  lli>  f )..  =  C*  Oa ,  2  11(3  +  4  aq.  Now  this  is  evidently  formed 
1  4  eqs.  of  carbonic  acid,  C*  0» ,  and  6  ccis.  of  water,  0  II  0, 
*r,  ('■*  Ho  Oi»,  by  the  separutiun  of  2  oqs.  of  oxygen.  And 
is  performed  with   cose  in  the  vegetable  cell,  wo 
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oannot  do  in  the  laboratory,  although  we  can  produce  oxalic  i 
from  more  complex  or^anio  products,  such  as  sugar,  ttareli,  i 
many  others.  It  is  found  abundantly  in  plants  of  tb« 
Jtumex,  JUieum,  Oxalit,  St)i)^m,  Semjterticum,  in  many  lichens 
and  others.  The  reader  will  ob&erve  that  in  the  cryctaUijwd 
acid,  4  eqs.  of  water  are  merely  water  of  orystallieatiun,  and  libal 
the  driest  oxalic  acid  is  only  C'>  Ht  Os  or  C.  On  ,2  110,  the  2  tqs.  of 
water  being  basic.  Of  course  we  may  leave  out  4  erjs.  of  wotar  of 
crystaUisotion,  and  suppose  dry  oxalic  acid  to  be  derived  fnax 
4  eqs.  of  carbonic  ocid  and  2  of  water,  =  C4  Ht  Oio,  bjr  the  aqit- 
ration  of  2  eqs.  of  oxygen  as  before. 
Let  us  now  ascend  a  step  higher  in  the  organic  ooale ;  to  t&a 
^formation,  namily,  of  malic  acid,  which  is  more  complex  than 
[alic  acid.  Now  this  acid  may  be  formed,  either  from  oxalic 
acid  itself,  or,  like  oxalic  acid,  from  carbonic  acid  and  wat«r,  but 
in  both  coses  by  the  separation  of  oxygen.  In  th«  former  msc^ 
eqs.  of  crystallised  oxalic  ocid,  2  (C  U«  On)=:C«  Un  O14,  by 
6  eqs.  of  water  ond  8  oqs.  of  oxygen,  yield  €■>  H«  Ov>  ^ 
H«  On ,  2  II  O,  or  hydrated  malic  acid,  which  is  bibaaie.  <>r 
in,  2  eqs.  of  dry  oxalic  acid,  2  (Ct  H>  0»  )=Cs  ITi  Ota,  taking  np 
|3  eqs.  of  water,  and  losing  8  eqs.  of  oxygen,  yield  C»  H>  Oio,  ur 
liydrated  malic  acid.  In  the  Intter  case,  8  eqs.  of  oarbonio  add 
nd  6  of  water,  together  Cn  Un  Ou,  losing  12  of  oxygen,  yield 

tCs  Ha  Oin,  or  hydruted  malic  acid.  

Tartaric  and  citric  acids  are  cosily  shown  to  be  prodooit 
'the  same  way.  2  eqs.  of  dry  oxalic  acid  and  2  of  water, 
Ci,  Ha  Ow,,  losing  6  of  oxygen,  yield  C,  H.  0„  =  C.  H. 
8  H  O,  hydrated  tartaric  acid.  Or,  8  eqs.  of  carbonic  acid 
|6  of  wutcr,  together  Ca  H«  Ou,  losing  10  of  oxygen,  gire  Ca 
III,  hydrated  tartaric  acid.  Again,  3  eqs.  of  dry  oxalic  ooid 
CS  of  water,  together  Cii  Hn  Oia,  losing  12  of  oxygen,  yirld  Cw 
[HaOii  =  Cit  H«  Oil,  3  H  0,  or  hydrated  citric  acid,  which  ii 
ribasio.  Or  12  eqs.  COi,  plui  8  H  O,  together  Cii  H<  Qm, 
eing  18  of  oxygen,  give  Cn  Hs  Oi»,  or  hydrated  citric  aoid. 
In  like  manner,  every  vegetable  acid,  and  every  one  of  tba 
neutral  compounds  of  carbon,  hydrogen,  and  oxygen,  may  tn 
derived,  tirst  from  some  leas  complex  ocid  or  neutral  eompoood, 
containing  more  hydrogen  than  itself;  secondly,  from  a  ovrtain 
proportion  of  curbouio  acid,  to  be  determined  by  the  Dnniber  of 
eqs.  of  carbon  in  the  compound,  and  of  water;  oxygen,  in  all 
oaaea,  being  given  off.  As  the  proiiortion  of  oxygrn  to  osrboQ 
and  hydrogen  diminishes,  the  acids  become  weaker,  till  the 
oxygen  exactly  sufFiocs  to  form  woter  with  the  bydrugen,  wbn 
we  have  eiUur  %cry  feeble  acids,  or  neutral  bodin,  ancb 
SDgar,  g\iva,  and  storoh.   As  the  oxygen  is  still  further  dii 
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we  hATe  nentml,  bitt«r,  and  aorid  compoanda,  or  oolonred  bodies, 
or  such  08  yield  colonring  matters,  with  aiomunia  and  oxygen : 
irther  on  »tilL,  we  have  aromatic  oUs  and  volutile  quusi-resinons 
■j'»tallii>ohlt'  acida ;  then  resins  ;  and  lastly,  when  all  the  oxygen 
expelled,  oertaia  oils,  which  are  carbohydrogens.  The  fol- 
Dwiji(;  tabular  view  will  furnish  a  oomparative  statement  of  the 
noont  of  carbonic  acid  and  water  required,  and  of  oxygen  given 
on  tlie  supposition  that  each  compound  is  fumied  directly 
am  carbonic  acid  and  water.  lint,  as  we  hare  seen,  each  may 
be  firmed  from  any  of  those  below  it  in  the  scale,  that  is 
more  hiirhly  oxidised,  as  oitrio  acid  from  oxalic  acid,  or  sugar 
from  citric  acid.  To  illustrate  this,  if  to  oitrio  acid,  Cn  H«  Ou, 
wc  add  ti  eqs.  of  water,  we  have  Cii  Hit  Cm,  and*  this,  losing 
6  eqs.  of  oxygen,  yields  Cn  Hi«  d*,  or  crytalliscd  glucose.  In 
Ice  manner,  3  eqs.  of  malic  acid  and  10  of  water,  losing  IS  of 
»ygen,  yield  the  same  sugar :  or  3  eqs.  of  tartaric  acid,  with  10 
'  water,  losing  18  of  oxygen,  likewise  yield  grape  sugar.  These 
changes  which  occur  every  day  in  ripening  fruits,  and  it  ia 
sbable  that  sugar,  starch,  and  other  comixiunds  are  really 
Bed  in  the  plant,  not  directly  from  carbonic  acid  and  water, 
in  the  table,  but  from  some  intermediate  compound,  as  sugar  ia 
ere  shown  to  be  from  the  three  acida  just  mentioned. 

Add  nnployol.      Wat«r  lidded.    Oxygoo  Kpwstad.  OluooM. 

Ci.  HtOi.        +      ti  H  0  Go  =       Oit  Hit  0» 

tlic    .  8  (C   H.Oio  )     +   10  H  0  Oil  =  2  (Cii  Hi4  Oi.  ) 

■io    3  (Oi  B«Oii )     +  10  H  0  Oil  =3  (Ci<  Hi.  Oi>  ) 

But  as  these  are  merely  intermediate  steps  in  the  whole  prooeH 
of  di'oxidation,  by  which  sugar,  starch,  fat,  oils,  &c.  arc  formed 
'  cm  coi-bonio  acid  and  watt-r,  and  the  final  result  is  the  same 

liethur  tlieno  bodies  be  formed  directly  or  indirectly,  we  shall 

tifioe  ouru'lves,  in  the  tabular  view,  to  their  direct  formation 

om  carbonic  acid  and  water. 


tutvtkn  rmr  of  tite  probuctios  op  vp.r,rrikBLE  com- 

PorxDS   FBOll   CARBOXIO   ACIU   JJfD  WATRH, 
BT   DEOUDilTlon. 

OWOP  l.—SlroHgtr  VtgelaNe  AciHt$olMe  m  WaHr. 


^K         Bntatanee  faroMd. 

CbrtMnlotoid 

WiiUr 

Oiyinn 

nMd. 

llMd. 

Hl«Lr»lod. 
U  (ii*. 

Humt.                   K<irmnl». 

in  c.|«. 

lllO<)«. 

OxaUo  sei<I,  dry     .  C    H.    0. 

4 

•i 

2 

Oallieacid        .     .  Ot    Ui   0> 

7 

» 

12 

Tartaric  acid.         .  0>    H<   Oit 

8 

9 

10 
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BntMtimoe  fomMd. 

CarboaUactd 

Watar 

o*rm 

N»tne. 

PannuU. 

oxrd. 
txi  eqa. 

<ua<L 
la«,a. 

-i:^ 

ibiie  Acid 

.   C>    Ha    Oio 

8 

6 

u 

AaoniUc  aiuil  . 

.  Cii  Ha    Oi< 

13 

< 

18 

CHric  Bcid      . 

.  Cii  H<    Oi. 

12 

8 

18 

Meoonic  »cii 

.  Ci.  H.  Om 

U 

4 

18 

TamuG  acid    . 

.   Cs.  En  Ou 

54 

23 

»< 

Kinic  itcid 

.  Gu  Hu  On 

28 

23 

60 

The  above  are  all  acids,  and  in  all  but  kinio  acid  the  oxygM 
exceeds  the  hydrogen.  Kinic  acid  is  but  a  feeble  acid.  Allo^tr 
vegetable  acids  of  similar  properties  to  the  nbore  bolong  to  tbi* 
group,  but  those  here  (pven  are  sutiioieut  to  oharaftcrisc  it. 

Qbocp  11.  — Indiffimt  !feutrnl  Oimpoximit. 


BnhaUnea  fomiacL 

carbonic  add 

Watar 

oxm 

naod. 

uwL 

aapani 

Kama.                 Ponnula. 

lusqa 

Inagi. 

ta>a« 

Oellaloae  .       .     .  d  Hm  O.o 

IS 

10 

S< 

ftMch.           .           .    C.  H.a  O.o 

12 

10 

24 

OMMSagar       .     .  Cn  Hn  On 

12 

11 

S4 

Oun    .        .        .  C.t  Hn  Oil 

IS 

11 

14 

Qmpe  mgn,  dry   .  Cit  Hn  Ou 

12 

IS 

U 

Do.    ciTitUls        .  Cu  Hi«  Ou 

12 

14 

U 

This  important  g^'oup  contains,  in  every  inatasoe,  hjdrtgw 
and  oxjgen  in  the  ]>ru{>ortioa  to  form  water,  ao  that  the  wiuto  *l 
the  oxTgen  of  the  carbonic  acid,  but  not  tliat  of  the  water,  hM 
been  separated.  The}-  may  be  viewed,  theoretically,  m  fonaed 
of  carbon,  plii»  water ;  thus  starch  may  be  Cm  -(-  10  B  O. 


Qaoor  Xn.—Ntutml  Bodie,,  oii^y  BiUrr,  Acrid,  QJound,  wr  \ 


Sufaatanoe  {onnotL 

OarlMiiloMU 

Watar 

Oaiaw 

Kamo. 

Ponnula. 

an.1 
In  aqa. 

ta«i|a. 

•t:^ 

Mannite 

.  Ci>  Hi.  On 

13 

14 

S6 

Orcine 

.  c.  n.  0. 

14 

8 

It 

Siuilacta« 

.  Ci>  Ho  0« 

18 

16 

U 

MccoDiDe 

.  C»  H.O  0. 

20 

10 

4S 

Qoasxiino 

.  Ck  Hi.  Oa 

SO 

12 

M  _ 

Peacodaaioe 

.  r^  Hii  Oa 

24 

13 

mJ 

Salicina 

.    Oia   Hi,  Oi. 

S< 

18 

mI 

Aiitiarino 

.  C»  Hw  0« 

28 

20 

mI 

Partiiw 

.  C*.  H..  0« 

&8 

21 

am 

Hwaatoxyliiui  . 

.    Cat  Hi.  Ok 

S9 

14 

mI 

Po^Uoa       . 

.  C«>H»Oia 

40 

8S 

mI 
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SubataoM  fomed. 

Naioo.                     PormuU. 
Phloritixsne        .     .  Cu  Ut«  0]0 

Cu-bonlo  ftdil 

uavd. 

luoqi, 

43 

W»l«r 

tued. 

in  eq>. 

24 

in  eqa. 

S8 

Liiuoniue 

.  C.I  H»  O.i 

42 

2S 

»(i 

HeUenioe 

.  c.  n»  0. 

43 

S8 

10« 

Cniciiie 

.    Cm  Hi.  Oi» 

62 

34 

120 

EUterioe . 

.  C«  Hu  Ou 

60 

S5 

187 

In  thU  group,  which  is  a  very  numcrouj  one,  various  kinds  of 

ompounda    appear.      Mannite     closely    approaches    to    sugar; 

Dtiarine  and  claterine  are  acrid  poisons :  galicinc,  phloridzine, 

opulino,  and  quassiine,  pure  bitters  ;  pectine,  a  gelatinising  sab- 

^•tance ;  htcniatozyline,  a  coloured  lx>dy :  orcine  forms  a  fine  colour 

Vith  ammonia ;  and  others  are   indifferent.     It  has  lately  been 

showc  that  jiopulinc,  from  poplar  bark,  is  related  to  salicine,  from 

LiriUuw  bark.     It  is  salicine,  in  which  I  eq.  of  hydrogen  is  replaced 

by  1  e^.  of  benzoyle,  Ci«  HsOi.     This  is  proved  by  the  fact  that 

may  be  made  to  yield  salicine  aud  compounds  of  the  benzoic 

eries.     Tlie  fact  is  most  interesting,  ns  showing  that  the  law  of 

ubstitutioQ  prevails  among   very  complex  compounds,  and  ex- 

lining  how  i^imilar  compounds  may  be  formed.     The  above  are 

examples.       In  the  whole,   not    only   the   oxygen   of  the 

aic  acid,   but  also   part  of  that  of  the  water,   has  been 

•eparatod,  so  that  the  hydrogen  remaining  exceeds  the  oxygen. 

Qioirpiy. — Ott]is^«ia<ni  VotatStOilt,  and  Artmutlie  Acid*  rtlatcd to Ihim. 


BubitoQOO  ronaed. 
Nikme.                          Furmul*. 

QtrboDlc  ncfd 
utod. 

Water 
u»nl. 
in  eg*. 

Oxygtn 

KIMUVfeM. 

Oil  of  t)iltCT  aUnondi 

.  C..H. 

0» 

14 

6 

82 

Bcuioio  ftcid 

.  c.u. 

0. 

14 

6 

80 

Oil  of  e|>ii«'a 

.  C.  H. 

0. 

14 

s 

SO 

8alk7lio  aci<l 

.  C  H. 

0. 

14 

fl 

S8 

Oil  of  A  nine 

.  G..U. 

0. 

18 

8 

88 

Aniaio  acid 

.  Ci.n. 

0» 

1(1 

8 

S4 

OanariBe 

.  C.  H. 

0. 

18 

i 

Sit 

Oomario  oeiil 

.  C..H. 

0. 

18 

i 

84 

Oil  of  ciuiuunun 

.  C..H. 

0> 

18 

8 

42 

Chlluuilk-  *ru]     . 

.  C.lli 

0. 

18 

8 

40 

Oil  of  ciiioino 

.  CU.. 

Oa 

20 

la 

fiO 

Camiaic  acid     . 

.  CiuUo 

0. 

20 

12 

48 

In  this  group  tlio  oxygen  is  still  further  diminished.     All  the 
[>m|iounds  are  volatile,  and  the  aoids  approach  to  rcNina  in  coin- 
aition.     Tlie  oils  arc  fru^rimt  und  yield  the  acids  by   simple 
iation ;  in  iaol,  most  of  these  oils  arc  aldehydes. 


E 

QH^^^I 

■ 

■ 

^^ 

^^54^^^^ 

TABULAE    VIEW 

OF 

THE 

1 

H 

R^   Qmm  V.  -  yvlatUe  Oay  and  Folly  A  eitU,  of  /Ar  Formmta  (CW  B*  W  0. .     | 

^^^^^H                      SubsUuice  fonufld. 

Carbmilo  acid  Water 
luod.         nsol 

.^JSSS. 

^^^^^ 

PormfiU. 

ill  oqi. 

In  w^a. 

In«)a 

^H            PonniR  acid 

.  C,  H.  0. 

2 

S 

S 

^1            Oxi<le  or  Methyle          .     .  Oi  Hi  0 

2 

s 

< 

^H             Arctic  noiil 

.  C  H.  0, 

4 

4 

8 

^M            Oxide  of  Kthy 

e  .        .     .  0.  H»  0 

4 

S 

IS 

^H             Glycol  in<\,  dqr 

.  C  H.  0> 

e 

4 

14 

^H            Prop.vlic  acid 

.  C.  H.  0. 

6 

« 

11 

^H             Batyric  itcid 

.  c,  n<  0. 

8 

8 

^^^1 

^H             ValeriAiiic  udti 

.     .  Cii.UioOt 

10 

10 

Sff^^^l 

^H              Oxide  (if  amylc                   .   CioHnO 

10 

11 

SO        1 

^H            Caproic  acid 

.     .  C.I  H.iO. 

IS 

IS 

81          1 

^H            CEaauthylio  toid                 .  Ci<Ui>Ot 

14 

n 

9i         1 

^H              Caprylic  uid 

Ci.n,.o. 

18 

lis 

1 

^H             Pclorgonic  acit 

c..n..o. 

IS 

18 

«0          I 

^H             Rutic  acid 

Cj.»II»>0« 

20 

20 

M        J 

^H              Margnrltic  acid                    .  Cn  tin  Oi 

23 

22 

n^^l 

^H              LanrMearic  acid                .  CatUitOt 

S4 

S4 

ct^^^l 

^H             C<iciuic  acid 

C«Hi.O. 

86 

2« 

7«^^B 

^H             Hy  ritUo  «£id 

.  CuHuO. 

SS 

2« 

M        J 

^H             Benin  add 

.  C»U>i>Oi 

SO 

an 

91  ^^H 

^H              Cetylic  or  Palmitir  aciil     .  Cu  Hu  0> 

82 

32 

M^^l 

^B              Oxide  of  Cetyl 

c    .        .     .  CmOmO 

82 

33 

9^^H 

^H^^        Mar^-aric  acid 

.     Cit  H>aO* 

84 

84 

os^^^H 

^^^K      SUiarie  a«ja 

.     .  C«H«0. 

8« 

86 

104 

^^^f       lUenic  acid 

.  c>.n»o. 

86 

38 

UO 

^^^^        Anichidio  acic 

.  c«.u«o. 

to 

40 

11« 

^^B              Befaf*tiir  acid 

.  CilLiO. 

42 

42 

123 

^H              CcTOtic  acid 

.     .  C  HmO. 

54 

6t 

IJ? 

^B              Oxide  nf  Ceryle                  .   Cu  n»  0 

S4 

Hi 

ICS 

^H              MtiUuic  acid 

.     .  C».H«,0. 

«0 

60 

ir« 

H             Oxide  of  Melisayle    .         .  Cw  Uti  0 

eo 

«1 

150 

^^^^      This  ^oup  includes  the  chief  oily 

and  fftttT 

•rida, 

••  wcIIm 

^^^B  their  aldthydus,  which  are  omitted,  and 

some  oxides  of  U)«i»tb}4ie  ■ 

^^^V  terios.     Glycerine  is  added,  booauso  these  acids 

arc  alwara  (baad  1 

^B        in  nature  comhined  with  it.     The  on 

ly 

wo  acids  in  w 

tiiul)  either  1 

^H         part  oulr  of  the  oxy^-n  of  the  carbonic  acid,  or 

the  w 

hole  of  it,  1 

^H        without  any  from  the  water,  has  been 

sepanited,  arc 

the  furrtdo  1 

^B         Bnd  acetic  acids,  which,  accordingly 

ore 

powerful  acida,  wilt^l^l 

^B         in  water,  and, 

though   volatile,  not  oily. 

The  rest  arv  bU  oi^^l 

^1         fiitty,  and  become  weaker  aa  wc  rise  in  the  M:al^, 

and  in 

ptXMlOlfl^l 

H         M  the  oxygen  of  the  watiT  U  more 

comiililrly 

sctmrattHl.     Th«  1 

^H       oxide*  of  etbyli 

,  mvtliyle,  amyle,  oetylo,  orrylc  and  mdiaajrlK  netm  U 

r 
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combiced  with  acids  of  this  series,  forming  compound  ethers,  to  some 
if  which  the  tlavuiir  of  many  fruita  is  to  be  ascribed.  The  acctnt«, 
tjTate,  caproate,  and  capo'latc  of  cthylo  are  found  in  the  pine- 
iple,  meluu,  strawberry,  &o.  A  similar  salt  of  oxide  of  amyle 
ves  flavour  to  the  pear.  Oil  of  g-uultheria  is  the  salicylate  of 
itliyle.  Sperm.iceti  is  the  octylat«  of  octylc ;  and  one  kind  of 
is  the  paluiitate,  another  the  ceriitute,  of  oxide  of  ccrylo. 


Omup  VI. — Reaiiu  and  Campkurt. 


^H             Subatanae 

Name. 
Man;  resins 

fonoBd. 

Funjiul*. 
.   C,..Ht  0 

Cvbrniioaeid  Water 
iiwmL          UMvd. 
1q  cqa.         lu  o^is. 
10             7 

•opiiPitud 
lu  «(». 

2(] 

Cftni[>bor 

.     .  C...H.  0 

10 

8 

27 

Boroeo  camplior 

.    GtnHi.Oj 

20 

19 

6« 

.     .  CsoHuOs 

20 

14 

£2 

JfoDj  resinotu  acids 

.  CwHisOi 

20 

15 

S3 

In  this  widely  diffused  group,  very  little  oxygen  is  left.     It 
liclodes  an  immense  number  of  isomerio  and  polymcrio  resius  and 
sinous  auids.     All  ore  higlily  combustible. 

Oaoor  Vn. — Carhotiydrngcat. 


^V           Butatuue  formed. 

CarboDie  acid 

Water 

Oxygen 

^^ 

uae^L 

aswL 

eepitralKi 

Name.                            Formula. 

luoqa, 

III  0<|B. 

lu  «ia. 

Oil  of  Irmons,  &o.  ic.       .  C»  n« 

6 

4 

14 

Oil  of  torpentiac,  ke.  Ac.  Cio  lit 

10 

8 

28 

Toluolo  .         .                  .  Ci.H. 

14 

8 

86 

Stymie  (cinnaiu'ilc)       .     .  CmlU 

18 

8 

40 

MelMityrulc  |.<lr!tc<>lc')     .     .   Ci<  H7 

14 

7 

as 

Oil  of  jnuit>er,  &o.  &0.        .   Ci4Hi< 

IB 

12 

42 

Cuinnle       ....  Ci>H<> 

18 

12 

48 

Qymole    ....  CsuH.. 

20 

14 

54 

In  this  pronp,  which  is  very  widely  (liffuBed,  the  whole  of  the 
ygen,  liolh  of  the  cirbonic  acid  and  of  the  wat(^r,  has  been 
Itt'd,  and  consequently  no  further  deoxidntion  can  take 
Henoo  these  compounds  are  very  [termanenl,  and  arc 
hiffly  altered  by  their  natural  tendency  to  absorb  oxygen  under 
^Tourable  circumstances. 
It  will  be  seen  that  these  seven  groups  are  so  many  suoccssivo 
cps  in  the  scale  of  deoxidatiou,  at  one  end  of  which  stand 
trbonio  acid  ami  wutt-r,  at  the  other  the  non-oxy(yonat«d 
(Ual  oils.  And  it  ix  evident^  also,  that  the  members  uf  one 
may    be  converted  into  those  of   the  next  hi|;her  by 

U   T9k  ^ 
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deoxidation,  with  or  without  the  addition  of  water.  TWi 
is  probably  what  tnkes  place,  luaving  out  of  Tiew,  for  tht 
present,  uitrot;en  and  sulphur.  First,  oxalio  acid  is  fonnni: 
then  malio,  tartaric,  and  citric  acids,  Sic,  frnra  it,  or  frtim  coob 
Oliver;  then  ftu)rar,  starch,  &o.,  from  the  acids;  bitt«r,  acrid,  and 
coloured  compounds  I'roui  su^r,  starch,  &(s.  ;  tivcn  oxygenated 
volatile  oils ;  and  then  aoida,  perhai>s  also  &i>m  sugAr,  ice. ;  than 
the  oily  and  fatty  acids,  either  from  the  preceding  oils  a4>d  aeadi 
or  from  su^r :  then  the  resins,  from  the  fats  or  from  sugar;  and, 
lastly,  the  carboliydrogens.  Thus  we  have  a  picture  of  the  vbol* 
process  uf  vegeUitiou,  as  far  as  concerns  compounds  devoid  of 
uitro^n  and  sulphur ;  and  we  find  it  to  be  uniformly  ode  of 
deoxidation.  We  shall  find,  also,  that  the  same  law  boLU  in 
regard  to  all  those  products  in  which  nitrogen  and  sulpliur  aw 
present.  Hut  bi'fore  examining  tliat  subject,  it  may  be  remarked 
that  tbe  chief  mass  uf  plants  is  made  up  of  woody  fibre  or  odluloor, 
Ci«  Hin  Old,  with  starch,  sugar,  and  gum,  oils,  resins,  and  fata, 
as  well  as  vegetable  acids,  and  that  all  of  theso  ar«  dittitut*  uf 
nitrogen.  Ueiioe  tlie  chief  part  of  the  food  of  plants  i«  liiat  whiah 
supplies  carbon,  hydrogen,  and  oxygen  ;  in  other  words,  oark 
ncid  and  water. 

These  are  supplied  by  the  atmosphere.  The  variotu 
constantly  going  on,  of  the  decay  of  dead  animals  and  re 
the  respiration  of  auimals,  and  combustion,  are  at  e\try  i 
pouring  oarlionio  acid  into  the  air,  and  yet,  in  the  free  <qMa  1 
atraiisphcre,  the  proportion  of  CArbouic  acid  never  inoreatca,  m  ft 
would  do  in  a  closed  «j>aoe,  beyond  tlie  average  of  ^^iit,  or  a 
little  more,  but  never  exoeediog  ^i^fh  part  of  the  volomo  of  thr 
air.  Now  these  processes  not  only  produce  oarbonio  acid,  but 
also  oonsume  oxygen,  and  that  in  the  same  propiTtiou,  the  oxyipcn 
they  take  up  being  equal  in  volume  to  the  carbonic  acid  wbitb  tl 
forms,  And  yet,  not  only  does  the  proportion  of  cariKinio  add  ia 
the  nir  not  increase,  but  that  of  the  oxygen  does  r  •  '••- ■niii. 
Evidently,   therefore,   some  ejiuse  must  be  in  ope i  ■  tly 

opposed  tu,  and  exactly  balancing  the  processes  of  resjxnuiun,  u^-oay, 
and  combustion.  And  such  a  process  ia  that  of  vegetation,  or  iht 
aoliou  of  growing  plunls  on  carb^'nic  ucid  and  wator  lutdar  tht 
iiifluenoeof  light,  by  which,  a&  we  have  seen,  these  are  dmxidiwd, 
vegetable  products  are  formed,  Olid  oxygen  is  u     Tlma 

the  air  is  kejit  in  a  state  of  purily,  and  yet  is  .    undcf 

ySoing  change;  fur  aj  fast  as  respiration,  decay,  i.ud  oomli 
onsunie  oxygen  and  form   carbunio   acid,   vegetation 
»rl>onio  acid  and   produors  oxygvu.     Any   exc*i»   of  oarlraoii 
cid  instantly  causes  uu  inereoso  of  vc^-tatioo,  and  lJavr«lur»  o( 

oxjgoa,  OS  woU  as  of  food  fur  animals.     Whca  »'i'm«l».  by  Ihb 
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food,  increase,  they  produra  more  carbonic  acid,  and  so  on,  the 
iSTgen  circulating  from  the  air  to  carbonic  acid  in  the  animal 
ic«»ses,  and  from  carbonic  acid,  by  means  of  plants,  back  to  the 
again. 

It  is  quite  conceivable,  that  in  the  earlier  geological  periods, 

in,  ai  it  appears,  warm-blooded  animals  did  not  exist,  the  air 

y  have  been  unlit  for  them,   by  reason  of  its  containing  too 

mach  carbonic  acid.     But  this,  within  certain  limils,  would  be 

&ToarabIe  to  vegetation,  and  especially,  as  there  is  reason  to 

ilieve,    to    that  of  crj-ptogamoas    plants,    such  as  ferns   and 

oopodiaceiF,  and  also  the  cycadacete.     The  action  of  such  plants 

wing  with  enormons  luxuriance,  and  not  balanced  by  animal 

:o,  would  in  time  diminish  the  amount  of  carbonic  add,  in- 

asing  at  the  same  time  that  of  oxygen  in  the  air,  till  it  became 

for  the  respiration   of  warm-blooded  animals,  and  the  carlKin, 

:na  removed  from  the  air,  would  be  stored  up  in  the  form  of 

ains  of  these  plants,  protected  from  decay  by  being  covered 

ilh  some  rocky  mass.     In  accordance  with  this  idea,  while  the 

limals  of  the  carbonaceous  and  other  early  periods  seem  to  have 

reptiles  or  fish,   that  is,  such  as  requlK-d  little  oxygen,  the 

tation,  08  found,   partly  decayed,  in  our  coal-beds,  seems  to 

have  been  pnMligiou&ly  luxuriant;  and  it  is  said  that  ferns  and 

her  similar  plants,  which  abound  in  coal,  really  do  grow  most 

uriaiitly  in  an  atmosphere  charged  with  carbonic  acid,  to  a 

uch  greater  degree  than  air  is.     Be  this  as  it  may,  vegetation 

would  purify  such  an  atniospliere,  till  warm-blooded  auimuls  and 

nan  could  live  in  it ;  and  then,  the  balance,  once  attained,  would 

continue  undisturbed  as  at  the  present  duy.     In  fact,  air,  taken 

ira  elowd  vessels,  from  the  tombs  of  Egyj>l,  3000  years  old,  or 

ruins  of  Hurculuneum,  'iOOO  years  old,  has  been  found  as  rich 

oxygen  as  that  of  the  present  time. 

Plants,  then,  obtain  all  their  carbon,  directly  or  indirectly, 

im  the  nir  :  directly,  by  absorption  through  the  leaves  ;  iudJ- 

tly,   through  the  abstjrptioii  of  water  by  tlie  roots,  this  water 

ving  disftolved  some  oarbotiic  acid  in  passing  throuj^li  tliu  air, 

d  more  in   Altering  through  the  soil,  in  whicb  carbonic  acid  ii 

stantly  formed  by  the  decay  of   organic    mutlcr.      Hut  this 

ution  of  carbonic  acid  has  another  and  very  imimrtanl  fuuo- 

to     perform,    namely,    to    dissolve    eaitliy    an<l    alkaline 

ispliat'.'s  and  carbonates,  and  thus  to  supply  the  plant  with 

mineral  food.     Although,  therefore,  part  of  the  wo>>d,  &o.,  of 

plant  may  be  formed  from  the  carboiiio  acid  entering  by  tli* 

its,  yet  as  plants  give  out  from  the  root*  a  certain  amount  of 

in  the  form  ol  excretions,  we  tind  that  the  whole  increase 

weight  of  curbuu  in  a  growing  plant  i«   really  dorivud 
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from  the  air  hy  the  leaves.  Tlie  soil  becomes  richer  in  Mrbon 
ratkcT  than  poorer,  and  thus  t)i«  carbon  of  all  crops,  as  tar  u 
its  weiKl't  is  concerned,  comes  from  the  air.  Tliere  is  no  eriiieiiet 
Ihnt  mould  or  humus  erpt  enters  tlie  plant  a$  tMch;  liutitii 
ODverted  into  carlMuio  avid,  which  enters  by  th«  rrwtk  and 
I  a  solvent  for  mineral  salts.  This,  as  we  shall  see,  u  tlwl 
eaAon  why  the  presence  of  humus  in  the  soil  or  in  n«a 
ilvantageous.  Uul  direct  experiments  hav«  proved,  that 
angRiw  in  inrfeotion,  and  produce  fertile  sccdit,  as  the  first 
[tnust  hare  done,  in  a  »oil  destitute  of  humus  or  mould,  pi 
reoQtain  the  ni-oeisary  alkalies,  phosphates,  and  other  inioenl 
fin  a  farm  adapted  for  entrance  into  the  plant.  In  tliii 
I  atmosphere  easily  supplies  the  whole  of  the  carbon  roqoii 
irell  (li  the  ammonia,  if  the  necessary  time  be  ^^ren. 

Li:t  us  now  attend  to  the  uilrogeu  of  plants.     This,  as  alKhilr 
■tated,   is   supplied  to  wild  plants  entirely  by  the  air,  and,  so  far 
■8  we  know,  only  in  the  form   of  ammoni.^.     Some  authors  han 
held  that  nitric  acid  furnishes  nitrogen  to  plants,  and  tliat  tfcii 
acid  is  formed  in  the  air  by  thunder-storms,  and  carried  down 
by  llie  rain,  and  they  point  to  the  occurrence  of  nitric  acid  in 
Mprings  in  proof  of  this.     Now,  it  is  true  that   nitric  acid  fe 
formed  in  thunder-storms,  but  in  very  minute  quantity,  irhri«H 
ammonia  is,  and  must  he,  present  in  the  air  at  oil  time*.     Wha 
electric  sparks  are  passed  through  air,  nitric  aoid  is  fonaed, 
a  continuance  of  the  sparks  again  decomposes  it.      Indeed, 
is  reason  to  believe  that  the  nitric  acid  of  storms  is  prodi 
Uie  oxidation  of  ammonia  of  the  air,  as  in  nitriticatiua, 
'  vnmgnia  is  oxidised  into  nitric  acid  and  wator,  N  ift  +  0*' 
[U  Os,  3  H  0  ;  so  that,  even  if  nitric  acid  did  yield  nitrogvn  to 
[•plants,   tliut  nitrogen   might   be   derived  from  ammonia.     Tbii 
rould  iiooount,   too,  for  the  small  amount  of  nitric  acid  formnl. 
For  if   it    were    produced   by  the  action  of  electricity   on  tb<t 
nitrogen  and  oxygen  of  the  air,  there  seems  to  be  no  reason  why 
".  should  not  Ix- formed  in  very  largo  qtiantity  ;  while  ammaoia 
P'forms  less  than  j^^th  of  the  uir,  perhaps  much  less.     Citric  scid 
is   chietiy  found  in  springs  where  decaying  organic  matter  is  nMT 
them,   as  in  towns,  and  is  formed  from  the  ammonia  prxidiMcd  ill 
their  decay,  by  the  same  process  as  in  nitrihcatioo.     htMm, 
although  jdants  probably  possess  the  power  of  decomposing  Btlrie 
oid,  wo  know  that  many  plants,  such  as  tobacco  and  sundawsr, 
dually  produce  nitric  ncid,  or,  at  least,  do  not  destroy  that  which 
cnttrs  tlieoi.     On  the  whole,  we  may  admit  that  both  ammonia 
and  nitric  aoid  may  yield  nitrogen  to  plants,  but  we  must  Dut 
forget  that  nitric  acid  is  most  commonly  formed  from  ammonia. 
Ihe  origin  of   the  ammonia   iu  the   air  is  obvious.      U  b 
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at«ined  in  the  excreta  of  animals,  oluiily  in  their  urine,  and  is 
so  pnxluced  from  the  decay  and  putrefaction  of  dead  animals 
and  vegetdbles,  the  nliule  of  their  nitrogen  rising  into  the  air  as 
carbonate  of  ammonia.  The  combustion  of  coal  also  yields  it, 
and  it  ia  said  that  some  ammonia  is  given  out  in  the  respiration 
or  tmnspirution  of  animals.  It  is  stated,  that  if  the  air  of  a 
crowded  theatre  be  allowed  to  escape  by  a  narrow  opening 
_above,  while  fresh  air  enters  below,  the  air  passing  out  is 
agent  from  ammonia  ;  but  whether  this  be  derived  from  the 
ags  or  the  skin  is  not  known.  liut  it  is  evident  that  the  air 
tiut  be  continually  receiving  supplies  of  ammonia ;  and  as  plants 
annot  grow  without  it,  and  tix  large  quantities  of  it,  they  must 
!  continually  removing  it  from  tlio  air.  Here,  then,  is  a  balance 
etween  vegetable  life  and  animal  life,  supported  by  plants  on 
the  one  hand,  and  decay  on  the  other,  similar  to  that  above 
explained  of  the  carbonic  acid  and  oxygen ;  only  the  balance  of 
nitrogen  is  single,  while  that  of  carbonic  acid  and  oxygen  is 
double.  Ammonia,  tliat  is,  its  nitrogen,  is  taken  up  by  plants, 
by  them  supplied    to    herbivorous    animals,    and   by  these   to 

Emivorous  animals ;  so  that  in  this  case  vegetation  and  animal 
e  act  on  the  same  side.  And  the  decay  or  putrefaction  or 
mbustion  of  both  vegetables  and  animals  sends  the  whole  of 
oir  nitrogen,  in  the  form  of  ammonia,  back  to  the  atmosphere. 
Tbia  balance  is  as  perfect  as  the  former,  and  both  combined  keep 
the  composition  of  tlie  air  perfectly  uniform  witliin  certain  limits. 
The  proportion  of  ammonia  in  the  air  is  so  small  that  it 
cannot  be  detected  by  direct  tests  applied  to  a  small  i>ortion  of 
air ;  but  it  is  easily  detected  in  rain  water  by  acidulating  it  with 

sulphuric  acid,  and  evaporating  it  to  ji-^th  or  jJath  of  its  bulk. 

^Bffbe   addition  of  lime   or  potash  will   then   set  free  ammonia, 

^Hthioh  may  be  recognised    by  its   smell,  and  by  forming  white 

^Mapours  with  hydroohlorio  acid  ;  or  the  addition  of  bicliloride  of 

^^tlatinum  will  cause  a  yellow  prccijiitate  of  iimmonio-chloride  of 

platinum.     It  is  evident  that  the  ammonia  of  the  air  is  brought 

to  the  soil  by  the  rain,  and  enters  plants  partly  by  the  roots, 

portly  by  the  leaves  ;    and   it  has  been  proved  by  experiment 

that  the  air  is  capable  of  supplying  to  plants,  in  the  form  of 

ammonia,  oil  the  nitrogen  they  require,  provided  only  the  soil 

^»eontain  the  necessary  mineral  food  in  available  forms,  and  time 

^Bbe  allowed.     When  we  come  to  treat  of  manures,  we  shall  apeak 

^^uf  the  uiies  of  ammonia  in  them. 

It  will  be  as  well  to  mention  here,  that  the  only  remaining 
combustible  or  organic  clement  of  the  food  of  plants,  namely, 
•ulpliur  (for  the  phosphorus  is  always  in  the  incombustible  form 
!  phoBphorio  acid),  is  obtained  from  sulphates  in  Ui«  soil,  chiefly 
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milpbate  of  lime  or  gypsum,  which  scrre*  to  explain  th*  rtiani 
Igypsum  18  a  manure. 

We  have   seen  how,    in   a   general   war,    plaota  form,   hwa 
Learbonio  acid   and  water,   all  those   vegetable  produota  whidi 
jtontain  neither  nitrogen   nor  sulphur,   and   invariably  by   the 
Ifcparation  of  oxygen.     Now,  to  produce  nitrogtniseil  minpunnda, 
■uch  OS  malamide  or  asporagitie,  indigo,  and  the  regetabi*  1 
morphine,  quinine,  strychnine,  oaB'eine,  &o.,  it  is  only  se 
that,  to  the  conditions  formerly  mentioned,  namely,  as 
loell,  containing  albuminous  matter,  ond  the  presence  of  phos- 
phates, alkalies  and  salts,  carbonic  acid  and  water,  ftugax,  tc, 
,  ftmmonia  should  be  added ;    and   the  plant  then,  by  th*  MBt 
)  process  of  dcuxidation,  gives  rise  to  nitrogenised  products.     That 
'  these  conditions  are  fultilled  is  proved  by  the  fact,  that  the  jnisa 
of  plants  contains  sugar  or  gum,  albuminous  matter,   alkaliet, 
phoitphates,  and  ;alt>i,  and  among  these,  salts  of  ammonix     And 
it  is  easy  to   illnstrate  the  formation  of  tlic   compounda  ban 
alluded  to.     It  must  first,  however,  be  mentioned,  that 
from  its  nature,   is  a  very  remarkable  substance.     It  • 
formed  by  the  direct  union  of  its  elements,  but  onlv  ul.cn  ' 
ktaeet  in  the  nascent  state;  and,  from  the  strong    -  ■   of 

[both  its  elements  for  other  elements,  it  is  partieu!... . ,  .._^;c  to 
I  trnnsformation!).     Uf  these,  the  oxidation  of  both  it«  elemcnti, 

1  which  occurs  best  in  oontaot  with  bases,  as  in  nitrifloatioa,  haj 
[jtcen  mentioned.     When  ammonia  is  in  contact  with  line,  tit, 

and  moisture,  nitrate  of  lime  is  formed,  and  from  this  the  nitrsia 

of  potash,  N  H«  +  Ca  0  +  Os  =  Ca  0,  N  0»  +  3  H  O.     Bat  in 

organic  chemistry  we  meet  with  another  peculiar  tmusfonnalioa 

lor  series  of  transformations  of  ammonia,  those,  namely,  in  «L)cb 

lone,  two,  or  all  threo  of  its  atoms  of  liydruiren  ore  reoMredt  ia 

Lvriion  with  oxygen,  derived  from  an  acid  ;  and  both  raaUooi,  (1m 

jlmmouia  mi'fiiu   hydrogen,  and  the  acid  nii'ni-.<  combiDe 

form  new  compounds,  which  are  collet]   m  :«.  tad 

itryles,  according  as  the  ammonia  hai  lost  uiit,  two,  ur  tiat* 

Uoms  of  hydrogen,  and  the  acid,   of  course,  one,  two,  or  thna 

[fctoms  of  oxygen.     The  simplest  example  of  an  amide  is  oxamJda, 

ormed  as  follows :  N  Hs,  U  O,  C,  Oj  =  N  H».  C.  (Ji  +  2  H  O. 

OxsUt*  or  AmmonU.  Ouinlda. 

All  amides  are  formed  in  tlio  same  way,  by  the  soparalia 
2  eqs.  of  wnUr  from  the  neutral  soil.     If  the  ocid  be  bibaaio,  ( 
neutral  salt  coutuins  of  course  2  eqs.  of  ammonia  ;  but  haro 

2  ocjs.  of  water  uro  separated  to  }  itld  the  oaiide,  aa  in  i 
or  malamide. 

c.  n.  o,.  awn.  o  =  CiN.  n«o.  +aiia 


Mklata  of  AinniaUa. 


JCmlkmidtt. 
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Whpn  the  same  ohnngc  tnkea  place  in  the  acid  salts  of  nTnmonia, 
with  A  monobasic  or  bibo^io  acid,  the  rcsalt  ia  aa  ucid  amide. 
Thus  binoxalute  of  anunoniii  yields  oxamic  acid. 

C  0.,  HO,  C  CNH.  0  =  C.  NH.  0.  +  2H0 
BIooxaUu  of  Aoiukjuift,  OjiAiiUe  Acid. 


CH.  Oi,  no,  NH.  0  =  C.  NHtO.  +  2no. 


.  V 


Acid  HoUte  c4  AmmtmU.        MaUmic  Add  (Aaputlo  AcUlX 

Hins   the  general   law   fur   amides,    neutml  and  acid,  is  the 

elimination  of  2  e>js.  of  water  from  a  neutral  or   acid   salt   of 

unmonio.     These  amides  are  very  numerous  as  artiKoial  products, 

jind   one  at  least,   roalamidv,   or    asparogine,   is  an    important 

Btnml  product.     They  all,  when    boiled  with  acids  or  boaes, 

irld  ammonia,  and  the  acid  from  which  they  were  formed.     It  is 

ohabli'  that  amides  have  an  important  part  to  play  in  vegcta- 

ond  that  they  may  contribute  to  the  formatiou  of  vegetable 

For  in  several  instances,  artitieial  amide»  are  converted 

I  baaea,  isomeric  or  jiolymerio  with  themselves.     Thus,  oil  of 

almonds,    with    ammonia,    yields   a  neutral   crystalline 

1,  bydrobeniomide, 

I  (C>.  H<i  0> )  +  2  N  n>  =  6  B  0  +    C:  Ni  H.> 
OU  ot  MlUff  klmouili  nydrabeaumi<Ie. 

tills  e<miponnd,  when  boUed  with  potash,  is  transformed  into 

rio  buM),  amnrine.      In  like  manner,   oil  of  bran,  or 

Ci«  1\»  (In,  with   1  cq.   of  ammonia,  yields  3  eqa.  of 

;r,  and  1  eq.  fnrfiirnmide,  Ci»  N  Ho  Oa;  and  this,  boiled  with 

fth,    is  converted   into  the   base  furfurine,    C>o  Ni  Hi«  0«, 

olyroerie  with  it. 

Cndir  Iiidig^)  wo  have  described  eolonrlcsa  indi^,  as  it  exista 

the   plant.     This  is  probably  an  amide  of  an  acid  nut   yet 

aws,  Cia  1I«  Oi.    For 

C«i  n.  Oi  +  N  Ht  0  =  2  H  0  +  Ci«  R  n«  Ot . 


SlIppOKd  Acid. 


White  lodlco. 


^  this,  when  exposed  to  air,  passes  by  the  simple  retnoval 
/  oxidation  of  1  eq.  of  liydrogen  into  bluo  in<ligo,  Cm  N  H»  Ot. 

8om«  nitro((i'nuuR  colours  ore  produced  by  the  eomhined  action 
T  ammonia  and  oxygen  on  colourlc^B  substances  from  plants,  both 
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processes  going  on  outside  of  the  plant,  whereat  in  indi^  \ 
tftction  of  animouui  has  Uiken  place  in  the  plant,  and  oxygen  r*' 
''is  wanting  to  produou  the  colour.     The   beautiful   Jvh 

produced  by  the  action  of  uminonia  and  air   on  the  oolou 

orcine.     Now,  in  this  case,  on  amide  is  probably  first  fonaol,  I 

afterwards  oxidised. 

Ok  Bn  0.   -(-  N  H>  =  Ci4  Hi  N  0>  -f  2  Q  0 


and 


Orolae.  OrdiumlilOk 


Ou  B>  N  Os   +  Co  =  Oi>  Hf  N  0*   -f  S  tl  O 


Orcbuunido.  Blue  Oraotno. 


Amjgdalinc,  the  peculiar  bitter  compound  which  Tieldi  I 
of  bitter  almonds,  seems  to  be  on  amide  of  Bmygdalinio  ae 
Mid  which  may  be  obtained  from  it.    Thoa, 

Cm  Hn  Ou  +  N  n.  0  =  Cw  R  Hir  0«  +  4  H  0. 


Amygil&Uuic  AOid.  Amyi^it^uc- 

TVe  may  conclude,  therefore,  that  all  those  oompoaadt  ton 
plants,  which  contain  nitrogen  without  sulphur,  are  cithi<r  ao 
or  derived  from  such  compounds. 

When  a  salt  of  ammonia  loses  so  much  water,  that  !  e«).  of 

ammonia  has  lost  2  ei|S.  of  hydrogen,  and  I  oq.  of  t '  »q|L 

of  oxygen,   the   resulting  compound  is  called  an   '.  ..lit 

being  the  name  of  the  compound  N  II  which  is  left,  cu  Amiiie  is 

of  N  U>  .     A  few  imides  are  known,  but  all  are  artitiuial,  aad, 

,  besides,  they  agree  with  amides  in  yielding  the  original  ami  aod 

}  wnmonia,  when   boiled  with   acids   and   boaea.     If  they  asitt, 

I  therefore,  in  plante,  they  will  be  formed  in  the  same  way  u 

■  amides,  and  yield  analogous  compounds.     We  need  not,  than- 

l^re,  dwell  on  them.     Were  neutral  oxalate  of  ammonia  to  loas 

9  eqa,  of  water,  instead  of  2,  it  would  yield  oximide,  V  U»  0, 

C«  U>   =  3  U  0  +  C<  N  H  O,    which  lost  would  be  oxiaid% 

differing  from  oxamide  by  1  eq.  of  water. 

The  nitryles,  which  are  compounds  in  which  all  the  hydroffaa 
^of  ammonia  has  separated  as  water  with  3  eqs.  of  oxygon 
'"be  acid,  are,  for  the  most  part,  artificial  product*.  Thus,  bao 
of  ammoniii,  N  H4  0,  Ci»  Hi  Os,  if  deprived  of  all  it*  oxj 
that  is,  of  the  3  eqs.  in  the  anhydrous  acid,  and  of  the  1  tq. 
oxide  of  ammonium,  along  with  4  eqs.  of  hydrvJgcn,  3  fmm| 
ammonia,  and  the  fourth  from  the  water  wbioh  coavcrt*  anxo 
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kta  the  oxide  of  ammonium,  and  ia  ncoessaiy  to  the  exiatenoo  of 

talta  uf  ammonia  with  oxrgvn  acids,  yields  Benzonitryle,  Cit 

Hi.     It  M'uuld  aii[)<.'ar  that  iiilryles,  which  coutain  no  oxygen 

I  far  aa  known,  aic  deiived  from  iiuch  noids  as  contain  only 

cqi.  of  oxygen  when  anhydrous,  or  4  in  tlie  form  of  hydrate. 

lenoe  the  acids  of  the  Formic  and  Acetic  series  (Co  1I« )  i  O4 , 

'readily  yield  nitrylcs,  as  well  as  those  of  tlio  lienzoic  aeries.  The 

reader  will  observe,  that  in  the  equations  above  given  for  amides, 

lie  ammoniaeal  ealts  are   ropre.sented  with  ^i'  U«  0,  when  tlie 

lid  b  represented    aa  anhydrous,   and  with  N  Uj,  when  the 

id  is  given  as  hydrate.     In  all  cases,  1  eq.  of  water  must  be 

caent,  beyond  the  anhydrous  acid  and  dry  ammonia,  N  II> ,  and 

is  of  no  voiisoqui^nce  whether  this  be  written  along  with  the 

nhydruua  acid,  or  with  the  ammonia,  which  it  converts  into 

ide  of  ammonium,  for  N  lis  +  H  0  ^  N  U<  0,     It  ia  therefore 

nite  indifft  rent  whether  oxalate  of  ammonia  be  i^Titten  ^'  Hs, 

On ,  H  0,  or  N  U«  0,  C>  ()3 ,  and  so  for  all  similar  cases.     The 

th  atom  of  hydrogen  in  N  II«  0,  is  always  separated  as  water 

along  with  the  other  three,  or  with  one  or  two  of  them.     This  is 

!  reason  wliy  in  the  formation  of  amides  2  eqs.,  of  imides  3  eqs., 

nd  of  nitryles  4  eqs,  of  water  are  expelled  from  the  neutral  dry 

It  of  ammonia.     The  oxalate  of  ammonia,  as   wo  have  seen, 

eld*  oxamide  by  losing  2  eqs.,  and  oximide,  Ci  N  U  0,  which 

Duld  probabl}'  appear  as  cyanogen  and  water,  by  losing  3  eqs, 

f water;  and  if  it  lost  4  eqs.,  it  would  yield  cyanogen  C»  N, 

fliich   is    the    oxalouitryle.     Kow   there   is  a  curious  relation 

Blween  the  nitryles  and  cyanogen.     For  Formonitrj'le,  Ci  N  11, 

i  hydrocyanic   acid;    Acetonitryle,  C«  N  Us,  is  the  cyanide  of 

Ktliyle,   and  so  on.     Dcnzonitryle,  Cu  N  U>,  is  probably  the 

aide  of  phenyle,  Ci  N,  Cii  H».     It  ia  not  known  whether  all 

f  Ics  are  cyanides,  or  whether  some  may  not  be  isomeric  with 

tuides.     AVe    may   conclude,    therefore,    that    cyanogen    and 

ydrucyaiiio  ocid,  which  occur  in  ]danta,  are  nitryles  formed,  the 

former  from  oxalate,  the  latter  from  formiate  of  ammonia.     And 

it  now  appears,  that  some  of  the  non-oxygenated  volatile  bases, 

rach  as  nicotine  and  coniine,  are  basic  nitryles. 

Iluving  now  explained  tlie  reaction  of  ammonia  to  form 
amide*,  imides  or  nitryles,  let  us  couMder  the  foimutiou  of  such 
MmiMunds  oa  contain  nitrogen  without  suljihur,  supposing  them, 
OB  before,  to  be  produced  immediately,  as  wo  know  they  are 
mediately,  from  the  food  of  plants,  namely,  oarbouio  acid, 
water,  uud  nmmunio.  This  will  be  best  illustrated  by  a  tabular 
atrauguweut. 


i50 


rnoDUCTiON  op  KITROOENOUS 


Bubatsince  fornird. 


CO. 


no 


Nnnte. 
AspMTigiae 
White  indigo 
Amjgdaline 
NiocrUne . 
Ccmiine 
Mori'hiue 
Vuiniae 
Strycluunc 
Cutfeiue  . 


Formula. 
.    Cg   N>  IIio  0. 

.  OioN  H>  Oi 
.  C«.  N  H«  0« 
.  C»  N.  H>. 

.  Ci«N    H.» 
.  C».N    U..  0. 
.  CmK,  Ui>  0. 
.  0.1  N>  H»  0. 
.  CioN.  n>o  0. 


In  eqa. 
« 
16 
40 
20 
!<l 
35 
40 
42 
18 


tn  or)& 

4 

a 

24 

8 

12 
16 
18 
16 

0 


UB«S- 

1 
1 
2 
1 
1 
i 
2 
4 


tail 
IS 

M'' 

18 

4t 

M 

»t 


The  table   will   snffioieiitly   illnstrate    the  formation    of 
difitrrent  cliisi'es  of  nitrogenist-d  compounds  which  it  cfflbnMi^ 
namely,  imiill'erent  bodies,  bitter  compounds,  colouring  matt 
volatile  and  tixud  organic  bases.     They  all   contain   xerj 

.  less  oxygen  than  the  oorbonio  acid  and  water  from  which  thtj 

^  have  bveii  derived,  and  some  of  thorn  none  at  all.  Rut  thrnr  is 
BO  doubt  that  they  arc  formed  mediately,  not  imn-  lad 

possibly  from  acids  or  sugar,'acting  on  ammonia  witi.  ma, 

the  acids  or  sugar  having  been  previously  formed  from  oariiWU 
Bcid  and  water  by  deoxidation. 

There  is  a  small  but  pretty  widely  diffused  group  of  compoimdi 
ooutjiining  sulphur,  but  no  nitrogen.  These  are  oils,  and,  lik« 
tlmotit  all  organic  cumpoonds  of  sulphur,   ttiey   have  a  fetU 

I  allioceous  odour.  Such  are  the  oils  of  garlic,  ond  probahlj  of 
hops,  of  Polygonum  hydropipeT,  and  of  Arum  maculatum.  Ttw 
only  one  yet  analysed  is  the  oil  of  garlic,  C-s  U*  S,  which  may  be 
Ticwed  OB  the  sulphuret  of  the  rodioal  oili/le,  or  acryU,  C«  Ui, 
Isomeric,  but  not  identical,  with  propionyle,  Co  H-,  tho  radical 
of  propionic  or  jiropylic  acid.  It  is  of  course  t-isil^  derived  from 
6  eqs,  C  <Jt ,  5  eqs.  II  (),  and  1  eq.  8  Oi ,  for  these,  lusing  20  Kqt. 
of  oxygen,  would  yield  Ct  IIj  S.  It  is  very  probable  that  the  oils 
of  onions  and  leiks  contain  similar  oom]K>iinds,  {>erbap«  honio- 

llogous  ones,  such  as  sulphuret  of  formyle,  (!»  H.i  8,  or  tulphurrt 
of  aoetyle,  C«  Ilj  S,  or  sulphuret  of  butyrjle,  Ce  Ht  S. 

There  is  one  reraarkublu  oil,  that  of  mu&tard,  which  eaalains 
both  sulphur  and  nitrogin.     It  is,  in  fact,  as  has  bcon  abvsdy 

I  fully  cx|'lained,  tlic  sulphocyanido  of  allyle  or  ncrvl",  •%  fl«  ■+•  Ct 
N  S»  =  Cs  N  H»  Sj,  and  it  may  be  deduced  '  ':,8 

eqs.  H  <),  1  eq.  N  H« ,  and  2  eqs.  S  Oj  ,  simply  l\  jt. 

•I  ojygi-n,  or  tlie  whole  oxygen  tJiey  contain, 

'ftp  now  conie  to  the  most  comflcT  nf  all  thr  nmnic  produoU, 

|n«mvly,   the  albuminous  or  Mr  >lbaM««i 

briae,  ond  caMiJne,  which  are  t  uloi 
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.  the  production  of  which,  both  as  essontial  to  the  seeds,  and 
as  furnihliing  sanguigeuuuH  food  for  man  and  animals,  is  thu  chief 
object  of  vi^tatiun.     They  ooutain,  as  wo  have  aecn,  five  com- 
bustible elements,   carbon,    hydrogen,    nitrogen,    oxygen,    and 
sulphur,   along   with   phosphates,   essentiul   to    their  existence. 
They  cannot,  therefore,  be  formed  without  a  supply  of  phosphates, 
and  as  their  presence  is  indispensable  botii  to  the  cell  and  to  its 
contents,  plants  cannot  grow  in  a  soil  devoid  of  phosphates.     In 
■uoh  a  soil  seeds  will  germinate,  and  produoo  a  few  leaves  at  tho 
jntenise  of  the  seed,  or  of  tho  first  leaves,  which  die  oiF.     But 
^Be  they  stop,  and  however  abundant  the   supply  of  carbonic 
mid,    water,   ammonia,  sulpliurio   acid,  siUca,    piotash,  common 
salt,  lime,  &c.,  yet  if  phosphoric  acid  bo  absent,  the  plant  soon 
^Btiiera,  without  having  produced  seeds.     When  supplied  with 
^H|Mphat«s,  planta  grow  vigorously  and  produce  abundant  fruit, 
^■d  having  dune  so,  either  die,  or  become  torpid  for  the  winter, 
^Bbr  losing  their   leaves.     So  close   is  the  connection  between 
^^osphates  and  sanguigenous  matter,  that  the  seeds,  where  tho 
latter  aooumulate,  yield,  when  burned,  ashes  formed  cliietly,  some- 
times entirely,  of  phosphates ;  while  the  ashes  of  wood,  straw,  or 
leaves,  contain  chiefly  carbonates  and  silica. 
LWe  have  seen  that  these  compounds  ore  very  complex,  not 
containing  five   organic  elements,   but  containing  a  verj' 
number  of  these  in   one  molecule.      Thus  tho    smallest 
eule  indiuatcd  by  aualysiis  *  contains  of 

Ckrbon.  llydragaa.  Nltrogao.  Bnlpliur.  Oxjnran.  ToUl. 

AuuiM.  Alonu.  Atonu.  Atonu.  AtoiiM.  Atoioa. 

.    218  166  27  2           68           482 

.    S88  228  30  2            90            5H 

^brine    .     .     316  169  27  2             68             482 

iThe  fibi'iue  in  the  table  is  vegetable  fibrino,  which  agrees  with 
ftt  of  tlesh  or  Burcotibrine,  iu  being  apparently  isomeric  with 

'  The  fortnatjc  herr  i^vrn  to  the  Mmpifgenoiu  bodies  arv  not  glvvo  m  oortAla. 

oaly  ft*  K  '  s%lnn  of  tho  rxMUltji  of  the  Ivst  utinlyMM,     Wo  bnra 

hily.  Ui  ■!>•  Miticu,  fibrlne,  Ac.  montluuod  aul  oiily  Ummo  formula 

,-.-,.  !*cd  by  Hunt  aud  otbvm.     TboUtt-r   li.>w.<v(ti-,  Hym^ 

^4ta,     Jtl4  o«rtalh  only  tbiit  tlto  truo  oot  yet 

'    ar**  T<»py  rotnftloT.   ftTid    In  (b*»  *«bl"-  ■     n*  well 


,  .       ....                     •   ■  .      •  '                                ■  .             -»ml 
B  tnat  siiiltou  ul  ibiM  wurk  »ro  raUttnod, 

,  however,   neottaaAnr   tA  remiud  tba  reaifcr  tiukt  flaaafiui,  whteh   U  baro 

,1                    ■     -                         .                 •■            ■     .                       ,.•'..'         T,          --        -T.       ,                  •     -■           ,,  „,^ 

hi  111 

t  to  b'                                               ;;.'.:..  i                                                        -  ,jr« 
I  to  c«««liM)  U  lull  u  It  WW, 
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ve^tablo  albumin.   (Dlood  fibrine  or  ht-iii  ■  is  wdd  tot*^ 

different  siibstiince.)  Now,  we.  can  cnsilv  -  .sobodiiM  to  Iw 

formed  from  sugar,  C'u  Hn  Oit ,  tliat  is,  diy  grape  SQglir,  «I'm« 
with  anuuouia  and  sulphuric  acid.     Thus, 


Eraployod. 


Kipdli^ 


Albumen  uitl  Fihrine     13 
Cawioe  .24 


Ammcmia.  6uJ[,burle  «cid. 

27  a 

8«  2 


Wator. 
ISS 
IM 


Blood  fibrino  is  not  formed  in  veg«table<i,    and  is 
omitted  here.    We  can  also  eaatly  deduce  the  fomiuln  of  ^ 
albumen  and  fibrine,  and  that  of  rAs<>ine,  from   ccrbooio 
water,  ammonia,  and  sulphuric  acid,  by  deoxidation.     laL 
the  formation  of  sugar  is  only  the  first  or  early  [lart  of  tha  nrool, 
supposed  to  occur  before  ammonia  is  oonccroed. 


Kmplojad. 


ExpaUaL 


Vtcfltablo. 
AlbniDon  and  Pibrino 
Oueine 

CO, 
.     216 
.     288 

HO 

88 

120 

27 
SO 

80a 
2 
3 

611 

The  following  diagram  will  illustrate  the  process,  ricwtd  is 
two  suocessivo  stages,  the  first  being  the  formation  of  sog&r. 


N.      s,     H. 


JK  Cvbonie  acid      .    =216 
Itf  eqa.  water  .    ^ 


0. 
432 
Sia     216 


The  sum  i»  .     .     ^  216 

JJednct  16  (Oi<Hi>  Oi.)l  _ 
(sugar)    . 


:}= 


216 


216    04S 
216    216 


The  diffettmre  in 


483  w|a.  or<  . 
erpcUed  in  prodoeuis  tSvqa.  gf  i 

c.    N.     s,    a     o. 

|18eqs.  «nj«r  CkTTk  Oil     .    =  216  216    ai6 

lAdil  27  w|«.  aniinuuia  N  n»      ^  27  51 

And  2  tqt.  culphoric  acid  S  0>  =  2  9 


ThsimniU        .        .  .     ^  gl6    27 

Dwluct  128 wjB.  water  HO.     = 


2     207     S3S 

128    138n|NtM- 


Di>Jiicl2«pqii.oi}gcn 
fiomaiiu  Aibumvu 


216    27      S    ISB 


24  (my.  I 


=  216    27      2    168      68 
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if  ci 


'  Thus  we  s«6  that  if  albumen  be  formed  from  sugar,  there  must 

I  oxpi.UtJ   128  cfjs.  of  water  and  26  of  oxygen  ;  whereas,  if  it 

ere  formed  immediately  from  carbonic  acid  and  water,  as  ox- 

ained  in  tlie  second  table,  464  eqs.  of  oxygen  and  no  water 

irould  be  given  off.     The  reason  of  this  is  that  albumen  contains 

muuh  less  of  hydrogen  than  of  carbon,  whereas  sugar  contains  an 

equal  amount  of  both,   as  well  as  of  oxygen,  and  tlte  excess  of 

hydrogen  in  sugar  must  be  given  out  in  the  form  of  water,  while, 

if  carbonio  acid  and  water  could  directly  yield  albumen  (with 

amonin,  &r.)  only  88  eqs.  of  water  would  be  necessary  to  216  of 

rbonic  acid  aud  27  of  ammonia. 

yfe  have  now  traced  the  formation  of  all  classes  of  vegetable 
products,  and  in  doing  so,  two  points  are  specially  worthy  of 
notice  ;  fir>t,  that  plants  possess  the  power  of  building  up,  from 
comparatively  simple  molecules,  such  as  arc  more  cumiilex,  and 
that  this  complexity  increases  as  we  rise  in  the  scale  of  vegetable 
L  products,  till  we  come  to  those  substances  which  form  the  vegetable 
■Hhuc,  such  as  woody  fibre  or  cellulose  (which  is  Ci>  Hio  Oio  ,  or 
^^Perhaps  a  multiple  of  these  numbers.  The  composition  of  starch, 
f  vhioh  is  semi-organised,  is  the  same  as  that  of  cellulose,  Cii  Hm 
I  Oio  ),  and  albumen,  caseine  or  fibrine,  which  ore  not  only  essential 
to  the  vegetable  cell,  but  destined  to  form  animal  tissues,  are 
atly  more  complex  even  than  this.  Secondly,  that  in  every 
,  of  the  vegetable  process,  in  the  formalion  of  every  form  of 
etablo  products,  of  acids,  neutral  bodies,  cellulose,  starch, 
oiLi,  resins,  bases  and  sanguigenous  matters,  one  character 
liversally  prevails,  that,  namely,  of  dooxidation  of  the  materials 
td  liberation  of  the  oxygen.  When  we  deoxidise  any  substance 
1  the  laboratory,  we  do  it  by  causing  the  oxygen  to  combine  with 
another  body  ;  but  vegetables,  while  they  produce  all  matters 
ential  t«i  their  own  development  and  to  the  life  of  animals,  give 
It,  in  doing  so,  the  oxygen  which  is  temoveil,  and  thus  plants 
unot  grow  without,  a*  a  necessity  of  thoir  life,  restoring  to  the 
Uie  oxygen  withdrawn  from  it  by  Ihe  life  of  animals.  We 
ill  see  that  the  chief  processes  going  on  in  the  animal  body, 
which  produce  results  equally  varied  aud  wonderful,  are,  in  both 
!  above  points,  of  an  opposite  nature. 

It  would  seem  as  if  deoxidatiun  wore  somehow  favourable  to 

he  coalcsconoo  of  smaller  molecules  to  form   larger  and  more 

complex  •■ues,  for  in  almost  all  of  those  cases  in  which  wo  have 

Dooveded  in  building  up,  as  the  plant  does,  complex  atoms  from 

"  uplcr,  it  is  by  dcoxidation.     Hut  those  cases  are  still  few,  and 

1  have  not  yet  learned  to  produce  in  this  way  natural  vegetable 

lucls,  apparently  because  wo  cannot  yet  imitnte  either  the 

•table  cell  or  the  peculiar  vegetable  prooets  of  dcoxidotion ; 
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but  are  compelled  to  use  coar*cr  methods.  We  »' 
nntc  ia  the  destruction  or  decoiuposition  of  o<ll^ 
products,  fur  iii  tliis  way,  and  especially  by  procc&seaul  uAkJ 
wo  have  produced  many  substances  ideutical  with,  and 
others  perfectly  ouulugous  to,  vegetable  products,  but  invari^^ 
less  complex  thau  the  substances  from  which  they  are  obtained. 
Ia  this  we  imitate  the  destructive  animal  processes,  while  we  UH 
to  imitate  the  coustruotive  process,  whether  of  ve);etaU*  n 
animal  life,  the  latter  re<|airing  the  aid  of  the  vital  force  to 
modify  chemical  action ;  the  former  depending  chied}',  if  nut 
entirely,  on  chemical  causes  within  our  reach. 

In  vegetation,  water  acts,  not  only  by  its  elements,  wliloh  IM 
required,  along  with  those  of  carbouio  acid,  ammonia,  axtd  id* 
phuric  acid,  to  yield  vegetable  products,  but  also  as  a  •olr«nt 
for  the  essential  mineral  matters  derived  from  the  coil,  all  »i 
which  cuter  the  plant,  dissolved  in  water,  or  rather  in  a  solotioo 
of  carbonic  acid  in  water. 

Of  these  miueral  sabstanoes,  the  most  important 
alkalies,  i>otash,  and  soda  ;  the  alkaline  earths,  lime  and  i 
oxide  of  iron;  silicic  acid;  chlorides  of  sodium  and  potaaiiini: 
in  sea  plants  also  the  iodides  of  some  metals  ;  and  the  pboaphttn 
of  lime  and  ma^esio.  It  is  as  a  solvent  for  lime,  moj^Bcaa, 
oxide  of  iron,  and  the  earthy  phosphates  and  carl>uDut«s,  that  tbt 
carbonic  acid  taken  up  by  the  rain  in  passing  through  tl>«  air  i 
the  soil  is  so  important ;  for  all  the  other  substance*  utv  i 
in  pure  water.  And  it  is  as  a  constant  source  of  oarbonio  t 
tills  purpose  in  the  soil  that  the  presence  of  ortpuiio  matter  tal 
Boil,  or  in  the  manure  added  to  it,  is  so  ad?a&taj;Mil>  as  exp 
shows  it  to  be. 

Tlie  alkalies  and  earth,  oxide  of  iron,  and  silicic  acid,  found  JB 
fertile  soils,  are  derived  from  the  docay  of  rocks,  and  o)ii«ll/  of 
felspar,  the  chief  ingredient  of  granite,  gneiss,  mica  oUtc,  day 
slate,  hornblende  rock,  porphyry,  greywaoke,  all  oUty  roeka,  uA 
all  varieties  of  trap  and  volcanic  formations.  Many  of  tiieM  atl 
Tery  rapidly  disinte^Tated,  as  some  granites  and  alate«,  and  U» 
lava  beds  of  Vesuvius,  and  yield  at  once  a  fertile  soil.  Othmt 
being  more  slowly  acted  on  by  the  weatlier,  yield  soiU  of  ! 
quality,  full  of  undeoomposed  felspar,  which  is  qui(«  idmIv 
In  such  cases,  tlie  addition  of  quick  or  shiked  lime  ha*  th*  i 

I  of  hastening  the  decomposition  of  the  felspar,  and  ren 
elements  soluble.     This  is  the  true  explanation  of  the 

I  lime  ou  stiff  clay  soils,  which  contain  diiintiijrratad,  but  c 

I  decomposed  frla|>ar.     There  is  found  on   :  'taaj 

!  fieola  a  volcanic  felspar  rock,  or  one  i. 
wbioti  i*  called  Pala^jonite.     This  is    so  tvtddj 
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rielding  abundant  of  soluble  silica  and  of  potash,  the  most 
lentinl  elements  (except  the  phosphates)  of  cereul  crops,  that  it 
aotaally  used  aa  a  manure  for  poor  soils,  and  will  ere  long  be 
(lortt'd  into  other  countries  for  that  pur[)08e.  The  fertility  of 
Ills,  ctrterit  paribus,  depends  on  the  proixirlion  of  decotu[iosed 
par,  or  of  such  as  is  annually  brought  by  the  weather  into  the 
able  form.  The  chief  benefit  derived  from  frequent  ploughing, 
ially  in  stiff  soils,  is  that  it  promotes  the  aee^&s  of  air  and 
listiire,  and  thus  hastens  the  decomposition  of  the  felspar, 
e  burning  or  calcination  of  stiff  clay  has  the  same  effi'ct ;  for 
calcined  feU|iar  is  much  more  easily  acted  on  by  the  air  than  it 
uld  have  been  pn-vious  to  calcination. 

Common  salt  is  fouod  everywhere,  in  every  spring,  and  in 
ery  soil.  Sulphate  of  lime  or  gypsum,  which  yields  to  ]ilflnt9 
eir  sulphur,  is  also  very  generally  dift'uscd  in  soils  and  in  water, 
which  it  is  soluble.  The  quantity  of  gypsum  in  many  soils  is 
Urge,  that  no  benefit  can  be  derived  from  the  addition  of  it  as 
ure,  and  the  farmer  who  adds  it  in  sach  cases,  simply  wastoa 
le  price  of  the  gypsum.  But  where  it  is  absent,  or  present  only 
small  proi>orlion,  then  the  addition  of  gypsum  produces 
nderftd  results. 

Tho  phosphates,  which  arc  absolutely  indispensable  to  the 
wth  of  all  vegetables,  are  found,  fortunately  for  miinkind, 
ircrsally  diffused  both  in  rocks  and  in  soils.  There  are  few 
iks,  such  OS  granite,  greywacko,  &o.,  in  which  minute  scattered 
stals  ot  ajiatita  or  phosphate  of  lime  may  not  be  seen  with  the 
of  a  microsco[>e ;  and  the  phosphates  arc  pres<  nt  in  every 
il  on  which  vegetation  is  found.  The  volcanic  beds,  which 
Id  such  fertile  soils,  are  particularly  rich  in  pliosphatcs,  and 
lese  salts  also  occur  in  many  limestones  (all  of  whieli  have  hud 
animal  origin,  as  seen  in  shell  marble,  shell  limestone,  and 
,  which  are  often  entirely  formed  of  bhells),  iu  considerable 
ntity.  Suoli  limestones  are  of  course  the  bevt  for  the  farmer. 
at,  on  an  average,  the  proportion  of  phosphates  in  any  soil  is  so 
nnal],  that  one,  or  at  most  a  few  good  crops,  exhauitt  it,  or  nearly 
■o  ;  that  is,  they  exhaust  the  available  supply  of  phosphates,  &o, 
ere  are  soils,  such  us  those  of  Ve8U\iu8,  of  certain  districts 
the  lower  Danube,  and  of  great  part  of  the  United  Statt<», 
'hioh  cither  have  not  been  exhausted  by  oonturies  of  croj^ping  of 
fLcttt  or  toboooo,  or  havo  only  become  exliausted  after  100  or 
years  of  annual  crops  of  the  richest  kind.  But  ordmury  soils 
oomparatively  poor,  and  hence  the  neocsAily  lor  m.iuure,  that 
restoring  to  the  soil  what  has  bei-n  removed  in  the  crop, 
inlly  the  phosphates  and  alkalies,  the  ingredients  most 
exhausted.     The  excreta  of  animals,  solid  and  liquid,  being 
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rich  in  tlicso  substonoea,  are  the  best  manure ;  Twwim 
coDtain  the  phosphates  and  olkaliei  in  the  proportioDs 
for  plants,  und  also  in  the  pro[>er  forms,  tinae  they  are 
from  the  plants  on  whieh  the  animals  haTv  re<},  and  bit, 
nothing  i.<Uu  tlian  the  ashes  of  thost<  plants,  }tut 
monuic  is  not  valuable  only  as  containing  iihoaphat-^ 
containing  umiuonia  or  sooroos  of  ammonia,  and  ' 
which  serves  as  a  source  of  carbonic  acid.  The  >ii'>3l  iutsI 
cdements  of  mannrcarc  the  phosphates  and  carbonaueoaa  matlcrt; 
for  the  latter  supply  a  solvent,  carbonic  acid,  for  the  phoapbatM 
both  of  the  manure  and  of  the  soil ;  and  if  this  solTMlt  h» 
supplied,  and  the  soil  or  manure  supply  also  phosphatea,  aikalins 
and  sulphates,  the  air  will  furnish  ammonia,  pnvidad  Imm  U 
pinrn.  This  has  been  practically  demonstrated  on  a  [trge  scalf 
by  Liebig,  who,  by  manuring  a  barren  und  worthlesH  Miil  mill 
phosphates,  alkalies,  silica,  and  sulphates  alone,  obtained  izoolksl 
ro!>ults  with  wood  and  other  perennial  orof«  ;  bat  found  (ha 
reMilt  less  favourable  with  cereals  und  other  annnal  orops,  wJadl 
require  a  large  supply  of  phosphates  in  a  short  time,  Ue  acxt 
added  to  the  mineral  manure  sawdust,  to  yield  corbonio  aoid,  nai 
now  ho  obtained  excellent  results  even  for  annual  rrops,  altboofjl 
no  ammonia  was  added,    and    the   atii>  d  all  tb* 

nitrogen.     But  it  is  certain  that  when  i  -^.h 

is  rapid,  as  it  was  here  from  the  soK-eut  acU>in  ut  the  di 
sawdust,  the  air  can  suiiply  any  amount  of  amrounia, 
cannot  be  assimilated  without  abundance  of  phosphate*, 
further  addition  of  ammonia  to  the  mineral  manure  and 
dust  brought  it  to  tlie  state  of  farm-yard  manujo,  and  thra  the 
same  H'sult  is  obtained  in  a  still  shorter  time — a  point  »(  miMll; 
importance  in  temperate  or  cold  climates.  01  course,  <o  ttnitt, 
as  in  this  experiment,  barren  soil  fertile,  is  ua  espensivo 
from  the  necessity  of  adding  tu  it  so  great  an  otnuant  of  miiv»pil 
mnltcr.  Hut  wherever  a  sutlicient  quantity  can  b«  addc<l  to  it, 
without  raising  the  coal  of  the  improved  barren  mil  ta  ur  aboT* 
that  of  fertile  soil,  then,  by  the  jlldioiou^  ■  und  manorillf 

of  the  improved  land,  its  ortilioinl  fert,  iimt  of  a  aeil 

originally  fertile,  may  be  kept  up  from  itM  uwu  [inxiaot,  aidld  Iqr 
tlie  aeliun  of  the  weather,  and  if  economically  prooankU^  hjf 
liming. 

Farm-yard  manure,  solid  and  liquid  together,  b  tfaa  standaid 
or  model  manure,  and  the  object  of  all  artiilcial  nuttorei  is,  is 
port,  tir  in  wliole,  to  imitate  or  replace  it.  The  bast  •oaross  af 
!  '.  next  t4i  farm-yard  manure,  arc  houe-diut  an4  goaMi. 

i  t    is  composed  uf  phu»pliat«s   and   gelatine,     ttuaiw  is 

tilt)  deuftj'tag  raaidue  of  the  oxcrvmuuts  of  >ua-fo«rl  fiod  oa  8th, 
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id  contains  phosphates  iind  salts  of  ammonia,  iritlt  some  oar- 
bnaceous  matter.  It  is  evident  that  both  resemble  farm -yard 
anuro,  more  or  less,  and  that  both  are  deduced,  like  it,  from 
1  vegetable  food  of  animals ;  for  the  fish  consumed  by  the  sen- 
rl  fed  on  other  fish,  which  fed  on  aniraalouhc,  which  fed  on 
sea-plants.  Another  valuable  source  of  phosphates  is  that  of 
_beds  of  phosphate  of  lime,  derived  from  extinct  animals.  There 
beds,  of  vast  extent,  in  Spain  :  others  have  been  found 
•  the  Rhine,  and  in  Canada  ;  and  beds  more  or  less  entirely 
of  eoproUtes,  the  fossil  eioromonts  of  fish  and  reptiles, 
other  animals,  are  abundant  in  England,  as  well  as  in 
her  couutries.  These  may  be  called  fossil  guano,  and  only  differ 
om  recent  guano  in  having  lost  their  ammonia  and  carbon.  All 
bese  ore  extremely  valuable  as  manures. 
But  we  must  never  forget  that  the  best  and  most  economical 
of  all  manures  is  farm-yard  manure,  or,  what  is  the  same  thing, 
the  night-soil  and  urine  of  iuhabiled  places.  In  large  cities,  the 
amount  of  this  invaluable  motter  is  prodigious  ;  it  represent*,  in 
as  far  as  phosphates  go,  the  whole  food  of  the  inhabit- 
Bts ;  and  yet,  from  ignorance  or  carelessness,  the  greater  part 
"■  it  is  wantonly  cast  into  the  sea,  from  which  a  mere  fraction  is, 
;  a  great  expense,  recovered  as  fish  and  guano.  There  arc,  no 
Bubt,  some  practical  dilficidties  in  the  way  of  saving  the  whole 
the  coutenta  of  our  sewers  in  large  cities  ;  the  chief  of  which 
the  etiormous  amount  of  water  added  to  them  in  order  to 
«h  them  away  from  our  habitations.  But  the  subject  has  at 
Bgth  been  taken  up  in  earnest,  and  there  are  no  difficulties 
iich  may  not  be  overcome.  The  bone-dust  ^ve  import,  at  a 
ligh  cost,  from  other  countries,  is  lost  to  them,  and  is  to  us  only 
circuitous  mode  of  recovering  a  small  port  of  what  wo  have 
llrown  Bwiiy.  In  process  of  time,  no  nation  will  consent  to  »»11 
one-dust,  nave  at  a  j>rioc  which  will  render  its  use  impossible  ; 
nd  we  must  come  to  that  to  wliicli  the  Chinese,  with  tlicir 
acfioni  sagacity,  have  come  many  centuries  ago,  namely,  the 
rinciplo  of  restoring  to  the  lond  cvcrj'tliing  that  is  taken  from 
in  the  crops  ;  the  only  principle  ou  which  agriculture  can  bo 
aoncnlly  or  profitably  oondtictcd  on  average  soils.  The 
inount  of  phiiapliutes  in  <nir  i'<lible  crops  is  far  lieyond  anythiof 
ever  soon  iti  inilurul  wild  plants  ;  and,  therefore,  the  sopply 
)iiired  by  a  dense  population,  and  obtained  in  the  cxcosdve 
lopmtiit  of  seeds  and  roots  in  cultivated  plants,  must  bfl 
to  the  soil  in  the  shape  of  manure,  the  best  bfing  that 
■ived  from  mun,  who  ooasumi's  the  crops.  The  rotation  of 
op»,  wliich  takes  ndvoutago  uf  the  fact  Uiat  one  crop  re'julre* 
of  one  ingredient  and  lc^a  of  some  other  Ih&n  i\vjV\i<si  cw^ 
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,  does,  and  the  occasionnl  u&e  of  fallow,  which  allows  the  wera 
I  to  act  and  to  render  mluble  a  fresh  siijiply  of  mineral  matter, 
are  onlj  different  branches  of  the  be»t  method  of  following  out 
the  great  principle  of  a^-riculture  above  enunciated.  The  ocrcali 
and  grass  require  more  bilica  ;  turnips  and  potatoes  moro  of  tbi 
alkalies ;  peas,  beans,  clover,  and  other  leguminosa^,  morv  Una 
and  Bulphate»;  and  thus  may  be  alternated  with  great  advan- 
tage, although  all  require  a  full  supply  of  phosphates.  For 
details  on  these  important  subjects,  wtiich  our  spaM  furbUa  ttt 
to  cntcT  upon  more  fully,  but  the  principle  of  whiofa  wt  h«T« 
endeavoured  to  explain,  the  reader  is  referred  to  Liebig's  A5;ti' 
cultural  Chernistry,  to  the  third  edition  of  bis  I^elters  on 
Cbeniiritry,  and  to  a  small  work  recently  publiakcd  by  liiai,  tlit 
"  Principles  of  Agricultural  Chemistry."  * 

A  mistake    is   often   made    in  the  use  of  artilioial  nurans, 

which  is  caused  by  ignorance  of   the  principles  on  whieh  tii*y 

act.     The  farmer  has  added  guano,  bone-dust,  or  gypsum,  and 

has  obtained  a  very  heavy  crop.      He    repeats  the  dose,  and  a 

failure  ensues.     The  reason  is,  that  the  first  addition  had  fn«*'L^ 

the  crop  to  assimilate  all  the  available  alkalies,  silica,  or  mil- 

phates  present  in  the  soil,  or  the  greater  part  of  them,  so  that, 

on  the  second  addition  of  phosphates,  there  was  a  g^cat  defieieney 

of  one,  or  another,  or  of  all  these  matters  ;  and  as  all  are  equally 

essential,  the  deficiency  of  any  will  cause  failure.     On  restoring 

the  balance,  success  again  will  be  the  result.     Good  farm-yard 

manure  is  the  only  one  not  liable  to  this  cause  of  failare,  booinae 

it  is  the  only  complete  manure  ;  tlie  others  being  more  arle**par> 

tial,  or  confined  to  one  subttanoe.     Of  course  the  same 

fuUuro  exists,   if  the  arliticial  manure  added  at  fir«t  with  ail 

has  been  potash,  or  salts  of  ammonia ;  for  the  addition  of  •■jr' 

these,  if  previously  deficient  on  the  soil,  nill  enable  the  anf  la 

take  up  a  large  pro|>ortiun  of  the  others,  or  of  pi  ind 

^  nay  exhaust  it  of  any  one  for  the  time.     This  uugl;'  irly 

to  be  attended  to,  as  when  a  special  manure  acts,  it  du«a  m  by 

exhausting  the  soil,  pro  Icnlo,  of  all  the  other  necessary  miatnl 

ingredieuta. 

I'he  ashes  of  wood,  peat,  or  coal,  an  valuable  aa  niBiiai*,  W&- 

I  toining  the  mineral  elem«nta  of  wood,  and  of  lho««i  plant*  froa 

'  which  peat  and  ooul  have  been  formed  ;  mixed,  in  coal,  with  olay 

Iftnd  sand.     The  ashes  of  straw  are  very  valuable,  especially  for 

■  grass  or  the  straw  of  com.     In  general,   tho  ashes  of  any  crop 

|«re   the  best  mineral   manure   for  that  plant.     The  burning  of 

lieath,  or  of  the  turf  pared  Dom  moor-land  soil,  is  u>«fal  in  two 

ways;  Orst,  by   the  action  of   hpat  on  the  felspar  in  tit*  aoil; 

*  WalUm  uul  lUlMrljr,  LmhIuu. 
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Kccondly,  bv  supplying  the  allies.     I!y  examining  the  ashes  of  the 
plants  which  grow  naturally  on  any  soil,  we  can  easily  discover 
list  ore  the  most  valuable  constituents  of  that  soil,  and  thus  judge 
thu  jiro|>cr  addition  to  it.     The  ashes  of  any  crop  are  identical 
ith  the  ashes  of  the  excreta  of  the  animals  fed  on  that  crop. 
The  addition  of  ammonia  to  any  soil,  in  the  manure,  con  only 
of  use  in  so  fur  as  that  soil  contains,  in  an  available  form,  a 
ae  projiortion  of  alkalies,  silica,  phosphates,  common  salt,  oxide 
^  iron,   and  sulphates ;   and  the  same  is  true  of  every  spi-oiol 
anurc.    A  soil,  if  totally  deficient  in  any  one  necessary  ingre- 
ient,  will  be  absolutely  barren.     Thus,  if  all  the  other  matters 
preteut,  and  phosphates,  or  aul])hatts,  or  alkalies  be  alone 
bsent,  no  plant  can  };ruw  there  ;  but  the  addition  of  the  iugre- 
ifut  which  ii  wanting  will  convert  the  soil  into  a  very  fertile  one, 
a  soil  be  fertile  for  turnips  or  potatoes,  and   will  not  yield  com 
'  h:iy,  it  is  dc'lieient  in  soluble  silica,  essential  to  straw.     If  a 
oil  yield  grass  and  struw,  but  not  com,  as  sometimes  happens, 
Ilia  may  arise  from  deficiency  of  magnesia,  whitli,  in  the  form  of 
ItoKphate,   is   essential  to   the   husk  of    grain,   so  that  in  its 
I  no  [tcrfect  seed  is  formed.     Bran  and  urine,  which  both 
pluisphute  of  magnesia,  are  on  that  account,  and  on  many 
l>CT»,  very  valuable  for  corn.     A  soil  on  which  corn  grows,  while 
oyer  or  (was  do  not,  is  probably  deficient  in  available  lime  or 
gypsum.     But  in  some  plants  the  absence  of  one  base  may  be 
ppiit'd  by  another,  potash  by  soda,   lime   by  magnesia.     When 
i»  deficient  in  most,  or  in  all,  of  the  necessary  mineral 
ers  so  often  mentioned,  it  is  hopelessly  barren.     Such  is  the 
with   the   soil  of  districts  where  quartz  rock  prevails,  or 
^where  the  soil  haa  been  derived  from  that  rock,  as  is  seen  in  port 
the  no!tii-we»t  of  Ireland.     But  happily  such  soils  are  rare, 
ause  such  rocks  are  rare  in  any  great  extent.     The  deserts  of 
sia  and  Africa  ore  barren,  not  because  the  soil  is  devoid  of  the 
aeral  food  of  plants,  but  because  of  the  want  of  water.     Even 
the    desert,   every    spring    is    surrounded    by   an  oasis  of 
egetation. 
We  have  said  that  the  presence  of  decaying  organic  matter  in 
(Boil  iit  useful  in  two  ways  ;  as  a  soureo  of  corbonio  acid,  which 
Blpally  acts,  dissolved  in  water,  as  a  solvent  fur  liuie,  raag- 
i,   and  ph'isphatos ;  and  as  a  axurco  of  ammonia.     B^ith  of 
bcsc  enable  the  plant  to  assimilate  the  necessary  mineral  matter 
:  a  far  shorter  time  than  it  could  witJiout  them  ;  and  this  is  a 
oint  of  ver)'  great  importance  in  our  climate,  where  the  summer 
ort,  compared  to  that  of  tropical  regions.     To  illustruto  the 
of  wat4.'r  containing  carbonic  acid  to  dissolve  phosphate  of 
insoluble    in   pure  wat-er,  I  may  state  that  I  found   the 
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oaroase  of  a  pig,  buried  on  the  alope  of  a  hill,  which  ' 

fautl  und rained,  when  taken  up  after  fourteen  years,    to 

lihrunk  into  a  flat  oake  (the  change,  most  probably,  bad 

^Rffected  in  n  much  shorter  time],  which  was  entirely  oorapowd  of 

ttty   acids   from  the  fat  of    the   animal.      The    moadea   aad 

aembranes,  nerves   and  vessels,  had  putrifit^d  and  dinpp««t«l, 

and  not  a  traoe  of  bone-earth  wa»  to  be  found.     The  wh«J« 

been  dissolved  by  the  water  peroolatiug  through  the  body,  i 

dad  thus  been  carried  do»-n  to  the  lower  ground.     I  fouaill 

[water,  like  all  water  that  passes  through  soil*,  to  contain  i 

[scid,  and  this  had  been  the  Bolveut.     Hence,  if  cemeteriaaj 

placed  in  a  high  situation,  the   bone-earth    b   rapidly 

down  to  the  vaUies  in  a  moist  climate.     In  a  dry  &ituatiaa,  I 

remain  unaltered  for  centuries,  as  in  the  sandy  soil  of  th*  I 

of  Canniv,  on  which  the  bones  of  those  killed  in  that  battl*| 

often  found  to  this  day  entire,  though  having  lost  much  of 

animal  matter.     The  solvent  power  of  carbonic  acid  must  a«t  a 

every  soil,  and  benoe  the  value  of  humus  on  the  soil  and  of 

decaying  organic  mutter  in  manure. 

Wo  have  now  examined  the  prooetB  of  TCgetation,  its  ma 
and  its  indispensable  conditions.  It  is  perhaps  i' 
lemind  tlie  reader  of  the  very  important  part  playc'. 
rays  in  vegetation.  That  essential  prooos,  by  which  the  ] 
decomposes  carbonic  acid  and  water,  liberating  their  oxygen,  I 
only  take  place  under  the  inlluenee  of  luminous  r«)-s;  for 
although,  on  the  prevalent  undulation  theory,  lieat  and  light  m 
both  regarded  as  vibrations  of  the  same  kind,  only  diffning  is 
velocity,  light  only  appearing  when  the  vibnttiona  amount  U> 
from  -iOO  to  SOO  billions  in  a  second,  and  non-lumittous  heat 
when  they  fall  short  of  400  billions  in  a  second, — altboogh, 
therefore,  light  and  heat  ore  both  motion,  yet  non-luminoua  b<at 
cannot  enable  a  plant  to  decompose  oorbonic  acid  and  wator.  Sow, 
if  we  consider  that  the  oliemieal  eifeot  of  light,  light  being 
motion,  is  a  mechanical  effect,  and  that  the  nieohanioal  power 
necessary  to  decompose  carbouio  acid  and  water  is  enormotta,  wv 
see  that  the  amount  of  roechuuii-al  e&Vct  produced  in  { 
vegetables  by  the  solar  rays  rau&t  be  very  great  indeed.  In 
it  has  lieen  calculated  that  the  mechanical  form  d«rivt<d  I 
tiie  sun  by  the  amount  of  wood  growing  in  a  year  on  one  < 
I  £)ol  of  surface  corresponds  to  that  which  would  be  reqnirrJT 
>  taise  a  weight  of  480,000  llis,  to  the  height  of  one  foot ;  and  this 
is  only  J)th  of  the  whole  eflect  of  the  sun's  rays,  of  which  only 
\ih  r-M.-lus  the  plont,  and  half  of  t!inl  i-i  h>«t.  The  rtxent 
i  !  lus  of  t'arnot,  Joule,  W  on   tJic 

I  il  beat,  light,  and  mecliouic '  .,  tukhnw 
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|i»t  a]]  t)iu  mcohanicnl  effect  (excejit  in  a  fuw  cases,  such  as  water 

ad  tide  luills,  volcanic  action,  and  a  few  more),  which  h  available 

man,  is  derived  from  the  solar  ruys,  directly  or  indirectly. 

~e  hnve  seen  that  a  vast  amount   is   expended   in   producing 

pv  -,  and  it  is  obvious  that  the  whole  mechanical  power  of 

't  .1  body  is  drawn,  mediately  or  immediaU'ly,  from  that 

«'lu(iii  Ims  been  tstored  up  in  plants ;  while  the  power  of  the  steam- 

cagine  is  derived  from  the  conversion  into  heat  of  the  meclumical 

brce  stored  up  in  the  fuel,  whether  wood  or  coal.     This  force,  as 

re  have  seen,  proceeds  directly  from  the  solar  rays. 

etables,  as  we  have  seen,  ounnot  possibly  grow  and  form 

without  at  the  same  time  producing,  as  parts  of   their 

own  structure,  the  food  of  animals  in    its  two  great  forms,  of 

Don-nitrogciious    or  respiratory    food,   namely,    starch,    sugar, 

gum,  and  oils ;  and  nitrogenous,  plastic,   or  sanguigenous   food, 

smely,  albumen,  fibrine,  and  caseiue.     The  former,  which  do  not 

Bter  into  the  formation  of  blood,  save,  to  a  small  extent,  oils  or 

ftts,  may  exist  free  from  ashes  or  mineral  matter,  although  these 

re  neoessiiry  to  their  production;  but  the  latter  cannot  exist,  in 

be  organism,  at  least,  without  ooutainiug  at  all  events  phosphates. 

Ind  thus,  by  the  beautiful  arrangement  which  renders  albumen, 

brine,  and  caseine  indispensable  to  the  development  of  plants,  and 

I  the  production  even  of  starch,  sugar,  and  fat ;  aud  which  hns 

udered  the  presence  of  phosphates  indispensable  to  the  existence 

albumen,    libriue,   and   cnseine  ;  vegetables  cannot  grow,  nor 

iuoe   the  pla:>tic  food    of  animals,  or  that  which  yields  blood, 

nut  at  the  same  time  producing,  and  supplying  to  animals, 

NMrthy  matter  required  for  their  bones,  and  in  a  Bmallcr  pro- 

DD,  for  the  blood  and  for  all  the  tissues.   If  albumen,  i&c,  could 

I  formed  without  phosphates,  or  if  even  bluod  and  muscle  could 

^xist  without  phosphates,  still  animals  could  nut  exist  or  be  formed 

ritliout    boiie-ciirth.      As  it   has    been   arranged  with   pcrleOt 

isdom  however,  the  mere  fact  that  a  plant  has  grown,  ncocs- 

rily  implies  that  it  contains  the  materials  required  to  support 

liimal  life,  provided,  of  course,  it  be  not  a  poisonous  plant,  and 

probably  theie  is  no  plant  which  may  not  serve  as  food  for  some 

imal. 

The  food  of  animals,  then,  consists  of  respiratory  and  sangui- 
Qous  mutter.  It  is  llrst  masticated  and  mixed  with  the  saliva, 
rhich  includes  in  its  viscid  substance  a  quantity  of  air.  It  is 
ben  introduced  into  the  stomach,  where  digestion  takes  plaoo. 
the  saliva,  which  is  alkaline,  aud  contains  a  peculiar  moditioatioa 
albumen,  called  ptyaliue,  has  a  peculiar  power,  not  {x>sscsscd 
'  the  gaslnc  juice,  of  converting  starch  into  sugar,  which  is  ou 
iul  i>urt  of  digosliou.     It  also  conveys  oxygen,  in  the  form 


568 


DIOBSTIOK. 


of  inclosed  air,  to  tlie  stoiuAch,  ■where  the  oxygen  pro1.o1.Ti-  '^•.■ 
in  producing  the  peculiar  change  in  the  paslrio  jw  nt 

epithelial  matter  suspended  in  it,  by  which  the  i^...,.,.  jv.ui» 
dissiilres  albumen,  librine,  or  cosvine.  The  gastric  juice,  wUiek 
is  acid,  and  oontnins  phosphoric,  lactic,  and  hydrochloric  Mridj, 
has  the  very  remarkable  pioperty  of  dissolring  ooagnUted 
albumen,  as  well  as  tibrine  and  caseine,  at  the  temperatum  of 
the  body,  but  has  no  action  on  starch.  Since  it  acts  aa  inJl  after 
&ltrution  as  before,  it  is  probable  that  the  ferment  it  ^  It  ■ 

dissolved  one,  and  not,  as  Frerichs  statei*,  suspended  e i  .iiu 

When  the  food  has  been  digested  to  a  ecrtain  eiteut,  n  Uartt 
the  stomach,  and  enters  the  inlestiues,  where  it  Is  toon  aftci 
mixed    with    the    bile.     It   is   also  continually  mixed  with 

inteRtiiml  secretion,  a  tluid  which  is  vii^cid,  alkaline,  and  ouni    

no  albumen.  It  possesses,  however,  both  tlic  power  of  ih**  kaltrt 
to  dissolve  starch  as  sugar,  and  that  of  the  gastric  juice  Id 
lissolve  sanguigenous  matter,  and  it  evidently  c(>ulribat««  to  lb« 
Peompletion  of  the  digestion  of  the  starch  and  uUmraeu,  &«,,  of 
the  food.  The  bile,  as  has  been  proved,  is  nearly  all  reabK>rb««] 
in  its  passage  through  the  intestines,  and  the  pancreatio  jiuot, 
which  al..ta  mixers  with  the  food,  ha»  been  said  bv  Uernartl  la  be 
the  agent  of  the  solution  of  fat  or  oil,  which  it  is  said  to  ooortrt 
into  an  emnlsion,  capable  of  entering  the  absorbents.  It  ia 
certain  that  the  panurealic  juice  can  resolve  neutral  fat  oila  into 
tglycerino  and  fatty  acids,  and  that  this  action  is  prerilit«d  by 
the  gastric  juice,  and  favoured  by  bile.  Itut  the  latest  rpaear«he« 
tend  to  prove  that  the  means  by  which  fat  is  absorbed  are  not 
yet  known,  although  the  bile  and  pancreatic  juice,  esp<«ial]y  th* 
bile,  in  some  way  contribute  to  it.  Oil  is  not  absorbed  by 
diii'usiun  or  cndosroosis,  nor  are  the  fatty  acids,  when  sqmratad ; 
and  the  absorbed  fat  is  neutral.  Whatever  be  the  means,  the  fat, 
if  not  exceeding  a  oertiiin  amount,  is  certainly  absorbed,  and 
thus,  when  the  food  has  passed  through  the  atomach  and 
intestines,  all  the  slaroh,  albumen,  Ac,  and  fat,  has  licen 
up,  as  well  aa  nearly  the  whole  of  the  bile.  The  insolal 
residue,  or  faeces,  consists  of  woody  fibre,  a  little  colouriii|f 
matter,  supposed  to  come  from  biio,  and  tlie  insoluble  earthy 
salts  of  the  food,  ns  well  as  of  the  efJ'eto  tissues,  while  th«  soluble 
solta,  entering  the  circulation,  are  expelled  in  the  urine. 

Tho  tibrine  and   caseine  of  the   food   appear  in  the  ditsol' 
fixvl,    or   chyle,    almost   entirely    an   ulburnen,  along    with 
albumen  of  the  food ;  and  it  would  seem  that  albatMO,  in 
blood,  as  in  the  egg,  is  the  true  touroe  of   the  tissuca. 
contoins  very  little  tibrine,  and  blood  only  about  I   or  2  porU 
in  1000,  and  there  is  reason  to  think  that  libriite  i»  ralhcr,  ia 


lAim;^  tans.         aft! 


a£  tke 
edk,  «iam  1 

fUTimi*^  a:  ai.  iuaa^ 
not  1^-  la*  Jaac  af  aL  -tm  iuku^    co:  mb:  vtmnteat  a:  tiuir 

and  gms  ma  —"«""''  th  lb  'do.  {?b9l.  k  znana.  iiii— f.,  xt 
the  knit,  iiaiaBt  s  m  mic.  it  pr^r^  tut,  of  tm  aaar.  mlivuuc 
vilh  it  At  nzTpo-  wmo.  i:  rmmiaW  fscssmiatt  jbf  sEiwiiuc 
acid,  fiaaed  tnr  siit  "^■"°""'  a:  :iim  liante^  tmu  at  'au  imaiuift 
of  ftTJditiiiii  tat  eaaaoBiy  sanuTieL  inm.  i:  tn-  iju  txonsutrt 
and  aeai&ivT  "-p'^^  -ai^  nrr  ulci. ' »  n.  smuL  juruMLlun^  1]; 
this  faciei  likisiat.  wt  imn  3uc  lilnHtw.  u  -an  jceaouK  of  f  JoMwr 
in  the  buand  ana  livs^  Mmoatt^  "Uk:  sutiK«:  i»  still  biclizik  vaacr- 
stosd.  Bia  mi&a'  'ao;  tuuoc  vt  iicri  -marrinTi^r  '^la:  ^3tt  f  iorjiat 
ia  tnnslic^tid  iss*  iaoii  aoic.  -vlou.  i^  hric^tfa  anc  harts  at  it 
the  blood. 

Let  OS  aov  aadeaTimr  lb  SuLicw  nme  of  tbe  eksiarK.  £rsa  ia 
digeatJOB,  and  Uiea  is  ■cbt  cinnaaavoi.  Tt>e  icaaor  'vill  twar  is 
mind  that 

VegeUUe  alVnoxa,    1         .  .    fAIbciMai  i^VI^vJ  I  all  Wsjif  0!«i» 

and  regctaUe  I  "*  "^T***^  ^  AlbameB  rf  ««k    j.      Xf  S.  H.w 

fibriae  J        '^         |.Fihriw«ffc*fc       J      CW. 

Cooaeqnentij-,  when  TEg«table  albumen  and  fibrin<>  ait>  dipr>*t«d 
into  animal  albnmen,  we  mav  call  it  an  isi>meric  ti«n*mul«ti«m. 
But  when  caseine,  which  is  C»s  Xm  S«  11ns  (.>»> ,  ia  di^[v»t«d,  it 
yields  albumen  and  ehondrine.    Thus : 

1  eq.  Csaeioe I  .  ,,J\  tq.  Blood  albamen 

+  10  eqs.  Water  /  ""'  ^"  \  1    „   Chondrin«  C:t  N.  H»  0« 

Thus  all  the  sanguigenous  vcgctablo  food  is  (<onvt>r(<Hl  Intti 
albumen.  This  albumen,  if  employed  to  form  inunoulitr  lllirn, 
has  only  to  be  again  converted  into  the  iitoniorio  tlbriiio  uf  tlushi 
But  if  albumen  b  to  yield  the  tibrino  uf  blooii,  tho  almitnu  itmy 
be  as  follows : 

„  ...  ,  r      1  en.  Hlo.Mlftt.r'iin().«iN»i  M.ll<.»n« 

2  eqs.  Albumen  1    _   J  +  i         Oboloio  wl.!  <  l«   N     H.  U 

+  2   „  Water       /  l  +  i   „    U«l»tlu«        »)»    N..      tU.    ()« 


Here  we  see  the  blood-flbrino,  wliieli  I*  mo«l  \trii\mh\y  «  |ir'«- 
da«t  of  the  destruction  of  albumuu  or  <if  nUrUm  »(  Am\t,  U 
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produced  along  with  gcktine  and  one  of  the  neidt  of  bile.   Ai 
liimilar  change,  yielding  the  other  ooid  of  bile,  may  Ui 

,  1  ei).  Bloml  fibriue 

2  oqs.  Albamen  \   J   -t^   1  eq.  Cbolic  Mid  Cm  N  Ha  Ou 

+  6eqB.  Water  J  j   +  1  oj.  GrUtine 

'-  -t-  2e<i>.  Sulphuric  mni. 

We  may  suppose  the«e  two  proeeaaea  to  be  joined ;  aad  < 
4  eqs.   of  albumen  with  8  of  water,  will  yield    2   e<]».  of 
fibrioe,  2  of  gi'latine,  1  of  oholeic  acid,  1  of  eholir  arid,  B»df 
anlphuric  acid.     Indeed,  blood-fibrine,   or  hen  :-f^ 

bably  only  formed  in  consequence  of  the  prx^.;  >:ta» 

and  bile,  and  it  may  be  regarded  as  albumen,  hoif  uuuvrrtvvi  iota 
gelatine  and  bile  ;  for  we  have  seen  it  termed  with  gelatiae  taA 
choleio  a«id  from  albumen  and  water,  and 


1  eq.  Henwlofibrine 
+  18  <Mi«.  Water 


/        3  «!«.  fhrUtin* 

—    1+  Ifq.    Cbolrici 


Cbulriv  aeui. 


Conaeqnently,  whenever  gelatine  and  bile  have  be«n  fenne^ 
hematofibrine  is  to  be  looked  for.  We  see,  tlien,  first,  that 
when  a  young  animal  is  fed  on  easeine  (milk),  the  formatioa  ot 
albumen,  necessary  for  the  tissues,  is  accompanied  by  tint  of 
ohondrine,  the  substance  of  which  cartilages  and  the  soft  part 
of  bones  are  formed  ;  secondly,  that  when  gelatine,  the  matt* 
required  for  membranes,  is  formed  from  albumen,  w«  obtain 
along  with  it  the  acids  of  bile,  essential  for  another  pujpiMk 
If  ohondrine  be  required  from  albumen,  it  may  bo  obt 
follows : 


1  •!.  Albaman 


+  8        Water 


/     S  eqi.  Salphurtc  odd  t  «).  HanatoAl>rtn« 

I  dorivtfil  CW'Tn  al- 

'  =  -«  Imniah.MftUfTa. 

J  +S  oqs,  Cboadriua    or  -f    4  Watar 

V  -t-  20  Oxfgoa 


»*is.l 


1  sq.  B«ilwto- 

fibrlao 
4  WaUr 

^  10  Oxfgan 


1  oq.  Albiimaa  1  oq.  Bcniato-  ] 

flbrino 
4-1  O).  Cli«iulriiM  or  +M  Water 
+  1  o<{.  Uric  ai'id  +0c  Oxfgtn 


r 


laq. 
+  l«q. 


Uerft  we  find  that  every  one  of   tlie    above    cliAngo*   i»   on 
oxidation,  and   tlmt,  as  it  prooci'ds  fartlier,  Wc  i-onie  to  the  y 
Hitucnts  of  llie   utiuf,  aud  to   curlmnic  acid.     This,  thin,  i* ' 
[  ^luum'tviiitic  feature  of  tho  ohaugo*  in  the  ouiiual  bodj.     Ai 
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long  aa  albnmen  is  to  be  fonoed,  and  even,  to  a  certain  extent, 
in  the  formation  of  gelatine  and  chondrine,  these  three  bodies 
being  the  chief  materials  of  the  tissues,  the  addition  of  water 
alone  suffices;  but  when  oxygen  comes  into  play,  the  ohanges 
strike  deeper,  and  we  obtain  the  constituents  of  bile  and  of 
urine,  as  well  as  carbonic  acid,  to  be  excreted  by  the  lungs. 
When  gelatine  and  chondrine  have  formed  part  of  tissues,  they, 
like  albumen,  become  effete,  and  must  be  decomposed  and 
removed.    We  have  then : 

I  aq.  ChoodiliM't      f     1  eq.    ChoUoadd  I  eq.  OsUUne't      t      1  aq.  ChoUc  add 

probably  by  a  >=  <  +i  •qg.Urio  acid  and  +  10  eqa.  Water      [.=  { -f  S  aqa.  Uric  add 
bnnenUUon     j      1+8   „    Water  )      (+12,,   Water 

And  we  may  also  have,  with  albumen, 


1  r       ^  ^"^  Ct>oIeic  acid. 

1  eq.    Albnmen  I  J  +   2    „    Cholicacid. 

+  ]Oeq«.W»t«  (  ~    ]  +12   „    Urea. 

+  64   „   Oxygen  ■'  '■+36  „    Carbonic  acid. 


There  are  certainly  many  intermediate  stages,  but  of  these  little 
is  known.  One,  however,  may  be  mentioned  as  probable,  namely, 
the  production  from  gelatine  of  kreatine,  hippuric  acid,  water, 
and  carbonic  acid.    Thus, 


1  eq.  Oelatine    1 

+  58  eqa.  Oxygen.  J 


S  eqs.  Kreatine  ( excreted    in  the 

+    2    ,,    Hippuric  add  l  urine. 

+  12    „    Water,     excreted     by     lungs     and 

kidneys. 
+  22    „    Carbonic  acid,  excreted  by  longs. 


Again,  oholeio  acid  fully  oxidised  will  yield  as  follows ; — 


/  leq.  i 
_  I  +  2  aq».  ( 
-]+S2    „     < 


Ammonia 
1  eq.    Cholaie  add  I  _  I  +  2  eq*.  Sulphuric  acid      I     all  ultimate  product* 
+144  eq*.  Oxygen         ]      ]  +!>i  „    Ctrbonic  acid       f  of  oxidation. 

'      -         Water. 


Cholic  acid,  which  contains  no  sulphur,  will  yield 

■I        m.  1-       -J      ■>  r       1  eq-  Ammonia. 

^  199 ""•  ^  I  =  ^  +52  e^^  Carbonic 

+  122  eqs.  Oxygen.         /  [  +40    ,,    Water. 


When  urio  acid  is  produced,  in  warm-blooded  animals,  but  a 
email  part  of  it  reaches  the  urine;  because,  from  their  structure, 
oaly  soluble  compounds  can  be  excreted  through  the  kidneys, 
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ttpoters,  liladilor,  and  urellira.     The  nric  acid  is  tbereforv  fiutiker 
oxidisi'd  ;  and 


1  «q.   Uric  acl>l 
4-3  aq&  WMor 
+2   „    OxygcD 


H 


i  oql.  Oxalic  add    1  oq.Vrk  uld  ^ 


oq.   Unja    or  +  B  oq*.  Wkter  >■ 
AlUnUilue  -f  <  „  Okjiku^ 


1*1 


') 


4  vQik  AmnOTM 

5  ,.   CtetaMiMM 
t  „    Cm 

3  .,   OotoaalfMll 


In  this  manner  the  insoluble  uric  acid  is  converted,  hy  oxidatios, 
into  soluble  products.  Oxalic  acid  is  obviously  the  malt  of 
imperfect  oxidutiuu,  and  meeting  with  limo  iu  tliu  bluddcr,  {armi 
the  oxalate  of  lime  or  mulberry  calculus.  Allautoiue,  also  t 
product  of  imperfect  oxidation,  is  found  in  the  n"  '^'lid, 

the  urine  of  the  fetal  animal,  and  ia  that  of  very  \  .i]& 

AVith   full  oxidation  of  the  urio  acid,   only   ureii,   waur 
carbonic  acid,  or  ammonia  and  carbonic  acid,  are  farmed, 
ammonia,  if  in  excess,  throws  down  earthy  phosphates  ia, 
bladder,  and  thus  gives  rise  to  the  phoKphatic  calculi.     Tb* 
acid  calculi,  the  commonest  of  all,  depend  on  the  drflcii 

oxygen,  or  what  is  the  same  thing,  excess  of  sanguigenou,  

particularly  of  gelatinous  food,  aa  well  a.i  on  sedentary  habiti, 
which  diminish  the  amount  of  inspired  air ;  and  lastly,  on  dcfi* 
cienoy  of  alkalies,  the  presence  of  which  is  nc-ooasary  to  pnnmll 
the  oxidation  of  the  uric  acid. 

In  the  changes  we  have  thus  briefly  described,  by  wbi 
tissues  are  wasted,  the  nitrogen  of  these  tissues  takes  alti 
the  form  of  urea,  and  thus  the  quantity  of  urea  secrrtod  in  a 
certain  time  is  a  measure  of  the  amount  of  change  or  waste  of 
matter  in  the  system.  An  adult  man  secretes,  on  an  svrr*g«, 
about  4(i3  grains  of  urea,  or  rather  more  than  1  ouooe  aroirdupoii 
in  24  hours.  The  quantity  of  uric  acid  in  normal  urine  is  so  small 
in  comparison,  that  it  hardly  amounts  to  ^^  of  the  weight  of  Om 
tirea,  and  may  therefore  be  neglected. 

It  has  been  proposed  to  observe  and  record  the  daily 
nrea  in  health  and  disease,  as  an  important  fact  in  physioli  _ 
pathology,  and  for  this  purpose  votious  methods  have  bees 
posed  fur  ditcrmiuiug  the  percentage  of  urea  in  urine  diri'Olly 
quickly.  Ferhops  the  best  is  that  of  Liebig,  which  is  fouudi 
the  fact,  that  urea  forms  with  peroxide  of  mercury  a  whiu< 
pound,  insoluble  in  water.  He  employs  a  neutral  and  dilui 
solution  ol  |>ernitmte  of  mercury,  of  known  strengtlu  '1  his  is 
added  to  a  known  volume  uf  urine  as  long  as  it  causes  a  wbil* 
precipitate.  But  as  the  nitric  acid  set  free  prevent*  Umi  pompbto 
jirt'cipitation,  the  liquid  is  now  ncutrulistd  exactly  by  baryta 
I  water,  and  the  pormtrat«  now  causes  a  further  wluu  prccipiuts. 
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'  operntiona  are  repeated,  until  at  last  a  yellow  precipitate 

jins  to  appear,  vhich  is  a  proof  that  all  thu  urea  h  precipitated. 

The  Tolume  of  pemitrate  employed  being  known,  and  previous 

experiments  liaving  ascertained  how  much  urea  is  precipitated  hj 

'  10()  vuliimcs  of  it,  it  is  easy  to  calculate  the  urea  present  in  the 

ine  undir  examination. 

Another  form  of  this  process  is  as  follows.     To  the  urine  is  added 

■If  its  volume  of  a  mixture  of  equal  ports  of  the  saturated  cold 

Jntions  of  hydrate  of  baryta  and  nitratu  of  baryta,  which  pre- 

pitates  the  whole  of  the  sulphuric  and  phosphoric  acids  present. 

To  the  tillered  liquid  the  neutral  and  diluted  solution  of  pemitrate 

pf  mercury  of   known  strength   is   added    by  degrees   until   a 

of  the  liquid,  tested  with  carbonate  of  soda,  gives' a  yellow 

cipitjite,  which  shows  that  a  slight  excess  of  pemitrate  has 

en  added. 

In  either  ooao  if  any  given  volame  of  urine,  say  10  cubic  inches, 
quires  30  cubic  inches  of  the  normal  solution  of  pemitrate,  and 
!  we  have  made  this  normal  solution  of  suoh  strength  that  1  cubic 
inch  of  it   corrt8i>onds  to   1  grain    of   urea,  then  the  30  cubic 

I  inches  employed  will  indicate  30  grains  of  urea  in  the  10  cubic 
inches  of  urine. 
We  have  now  to  attend  to  the  formation  of  caseine  (in  milk) 
pom  albumen  or  tibrinc,  isomeric  with  it,  in  the  anirnal  body. 
bis  cliaoge,  like  the  others,  dcijcnds  in  some  degree  oa 
Bidation. 


4    ,,     Wnltr 
+  6    ,,     Oiyguo 


may  yield 


fl  cq.  Caseins* 
1  ,,  QeUtine 
I  ,,  Cbolicsoid 
1  , ,    Urio  acid 

1 2  eqi.  Salpliuric  acid. 


2  eqs.  of  albumen  are  necessary  to  yield  one  of  ca.Heine,  because 
the  latter  compound  contains  more  carbon,  hydrogen,  nitrogen, 
and  oxygen  than  the  former.  Wo  have  already  seen  that  wlicn 
cine,  in  the  young  animal,  yields  albumen,  it  also  yields 
odrinc,  these  beiug  the  two  substances  moat  ueocssary  for 
young  animal.  Hero  we  sec  that  when  milk  is  formed 
the  mother's  body,  it  is  accompanied  by  geloline,  oholio 
nrio  sold,  and  sulphurio  acid,  to  bo  employed-  in  her  own 


Let  ns  now  con^idr-r  tho  albumen  of  eggs,  which  differs  from 
kt  of  blood,  as  follows  : — 


■  Od  th«  •uppoalMnn  that  o«wln«  <•  U  mprswutlt  on  p.  474. 
I  itetod,  (bat  oudiM  ta  poMllilj  tba  albumliuOa  of  potuU. 
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Blood  albnmeo  u 
Bgg  albomen  u   . 


C>i>  Nm  S>  Hif>  0« 


The  differenoo  is  0  cqo.  of  nitrogen  mid  1  of  lulpliar  more  in  t^  j 
albumen  than  in  blood  albumen.  In  the  body  of  the  fowl  waaaf  J 
suppose  that 


3  eqs.  of  Blood  albumen   1      -..j 
80     ,    ofOxjgen  ;    y""  \ 


4  «(>.  CarlNAio  mU 
3   ,,     Bgg  kllmaaa 

4    4,,    CbiiUc  acia 

+    2   „     llrw» 

4-     I  (»|.  Amnionui 

+  72  eqs.  Water. 


And  during  incubation,  or  in  the  stomach  or  oircnlatioti  of  an  | 
animal, 


I  eq.  EkB  albumen 
+      1  ,,    Sugar 
-«-  10  eqi.  Water 


may  jidd 


1    0.1.     Bl.'l  .,H     ;     .    1 

+  i  eqs.  Un  .1 
+  ]  wj.    Aujuiuiua 
+  4  e<)«.  Oarixnuo  acM 
+  3  „     Water. 


Of  course  fat  and  oxygen  may  supply  the  place  ff  °" 
as  we  shall  see,  fat  is  sugar  r/iuiu*  oxygen.    Now,'  '■  tgf 

is  rieh  in  fat,  and  is  said  also  to  contiiin  sugar ;  wIihl-  hk.-  tuud  ut 
animals,  in  addition  to  eggs,  when  they  are  used,  always  eontalat 
starch,  sugar,  or  fat.  .\nd  it  is  quite  oertuiii,  that  all  the  tiMm* 
are  formed  in  the  egg  from  egg  iiUmmcn  and  the  oil  or  lugwllf 
the  yolk,  aided  by  oiygvn ;  as  also,  that  in  the  animal  body, 
the  tissues  may  be  formed,  or  blood  produced,  from  eggs,  nsptcCall; 
with  starch,  sugar,  or  fat. 

Wo  have  now  considered,  as  fully  as  our  tpaoe  permita,  thui 
n^latious  of  the  sanguigcnous  cuni|)(iuiids  to  each  oth'  : 
the  tissues,  and  we  have  seen  that  tlicM)  comjioundii  r..  ..    . 

in  plants,  aud   tliat  in   animals  they  are  mutually  couv' 
sometimes   by   nn   isomeric   lranamutati<>n,    u»   when   fi' 
dissolved  into  albumen — a  process   capable  of  being  imi 
out  of  the  body,  and  at  other  times  with  the  aid  of  watfT, 
of  water  and  oxygen.     In  no  case  is  free  oxygen  givon  out,  ■•  is 
planta ;  but  the  final  result  is,  that  the  oxygen  token  up  is  tk* 
lungs  is  given  out  as  carbonic  acid  and  water. 

We  have  not  entered  into  details  as  to  the  ooloaring  MAtter 
the  b1or>d  or  hematosine.     This  is  albuminous,  and  cuutaina  Irwn, 
Hence  tlio  use  of  iron  in  the  food.     We  do  not  know  ita  exaol' 
oomjwsition,   nor  where   it   is   formed.     Uut  we  do  know 
the  purest  and  whit<<at  blood  iibrine  also  contains  iron,  oad 
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iblv  one  function  of  this  bematoftbrine  is  to  yield  the  material 
'  bematosine. 
I  There  remains  one  more  substance,  ■which  certainly  assists 
Fcbauically  in  tlic  formation  of  tissues,  and  probably  is  essential 
I  the  production  of  cells  and  of  blood  corpuscles.  This  is  fat, 
urh  wt'  linve  seen  to  be  non-nitrogenous,  and  to  bu  formed 
abundantly  in  the  vegetable  kingdom.  Many  kinds  of  food  contain 
fat  or  oil  ready  formed,  and,  as  we  have  seen,  it  enters  the  blood 
in  some  obscure  way,  to  which  the  bile  and  probably  the  pancreatic 
iw  contribute.  It  is  never  absent  from  blood.  But  fat,  which 
not  a  sanguig'enous  compound,  can  also  be  produced  {rora 
»rch  and  sugar  in  the  animal  body.  The  bee  forma  wax,  a  true 
t,  from  honey  ;  and  animals  abundantly  fed  with  grain,  which 
ntoins  only  traces  of  fat,  and  so  situated  as  to  sulfer  from 
Sciency  of  oxygen,  become  rapidly  loaded  with  fat.  Thus 
ulans,  when  kept  in  confinement,  which  reduces  their  pespi- 
*ion,  and  in  the  dark,  whioli  leads  them  to  feed  voraciously,  by 
[  natural  instinct,  on  the  admission  of  light,  may  thus  be  led  to 
feed  many  times  a  day  on  grain,  and  rapidly  bi-come  absolute 
lis  of  fat.  When  geese  are  prevented  from  moving,  and 
iimmed  with  maize  or  wheat,  their  livers  become  so  charged 
ttli  fat  as  finally  to  be  unfit  for  their  proper  functions,  and 
atly  enhirged.  And  stall-fed  cattle  are  notoriously  muoh 
Iter  timu  such  as  have  to  travel  for  in  search  of  food,  while 
Id  animals  arc  almost  always  lean. 
Then  facts  prove  that  fat  is  formed  from  starch,  which  first 
omcs  sugar,  in  the  animal  budy.  In  this  particular  the 
limal  resvmliles  the  plant;  but  in  the  animal,  the  oxygen 
paru(4«l  from  sugar  to  convert  it  into  fat,  is  not  given  out,  as  in 
bfl  plant.  It  is  either  at  once  converted  into  carbonic  acid  and 
atcr,  or  added  to  the  oxygen  taken  up  from  the  air,  and  used 
the  eamc  purposes.  Thus  wo  see,  that  the  power  of  the 
imal  to  deoxidise  sugar,  which  he  employs  when  oxygen  from 
the  aiP  is  deficient,  supplies  that  deficiency.  To  illustrate 
thill  the  reader  must  be  reminded  that  fats  and  fat  oils  are 
apaunds  of  oxide  of  glyceryls  or  oiido  of  lipyle,  Co  H»  Oi ,  or 
I  ill  0,  with  fatty  or  oily  acids,  chiefly  of  the  scries  {roIIci)i, 
Such  a  neutral  fat,  consisting  of  margaric  acid  and  oxide  of 
pyle,  is  the  chief  ingredient  of  human  fat,  and  is  called  mar- 
ine. If  the  acid  ho  oleic  acid,  the  fat  is  colled  olcino  ;  if  tho 
cid  be  butyric  acid,  butyrino,  and  so  on.  Now  every  fatly  or 
Jy  aoid,  as  well  as  oxide  of  lipylf ,  may  bo  derived  from  su^^or 
deoxidation,  and  in  tho  cose  of  oleic  acid,  Cs*  n»«<l«,  and 
lidfl  of  lipyle,  Cn  Ut  <*>,  both  of  which  contain  on  ezocu  of 
1  oTcr  hydrogen,  by  dMxicbtion  and  lorn  of  wati<r.    Thai, 
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1  eq.  Bafcsr  Cit  IIii  Oi<  ,  lowng  4  eqiL  of  axj^fn,  jialda  S  a|i.  i 

koid  =  2  (Co  H«  0. ). 
1  „    Sugar  0»  Hi9  On  ,  lusiiig  4  eq».  of  ax;g<«  and  i  cq^  «f  wiMr, 

yieldB  2()ria.  oiiJe  of  lipyle  =:  2  ^C^  U.  Oi;. 
8  eqs.  Sugar  C<<i  Um  Om  ,  losiog  32  eqa.  uf  oxygen,  Tidil  1  cq.  (tack 
acid  ^  Cm  Hm  Ot. 

Sugar  Cm  Hm  Om  ,  Iming  30  eqa.  of  oxygen  aad  2  eiia.  «f  vatar, 
yield  1  eq.  oleic  acid  r=  Cm  IIx  0«. 

Sugar  17  (C>9  Ui>  On  ),  loting  180  eqi.   of  oxygan,  yield  6  t^ 
m&rgoric  acid  =  6  (Cm  Um  Ot ). 


Sugar  C: 
yie 
1"  „    Sugj 


This  table  suffices  to  show  thnt  all  fatty  iioids  uf  the  Metk 
scries,  snch  as  propylio,  inargatio  and  sttario  arids,  ere  derlTwl 
from  sngar  by  simple  deuxidatioD,  uiid  that  oleic  acid  and  oxid* 
of  lipyle  are  derived  from  sugar  by  the  loss  of  oxygen  and  water. 
Let  us  now  take  one  fat,  margarine,  which  is  composed  of  mugaiie 
acid  and  oxide  of  lipyle, 

Hufi»r.                Morgiirtc  add.  Oxltie  ol  Ji|iyl*.  vxy^vn. 
17  eqs.  yield            8                                       ISO 
3    ,.   yiald 6 IJ 

Conaeqnently  20         yield  6  «  lit  tS 

that  is,  6  eqs,  of  margarine,  12  of  water,  and  102  of  oxygax. 

Let  us  now  revert  to  the  oxidation  of  albumeu  ;  Uid  ws  fiad 
that 


4  oqr  Albumen  ,  +»    „    ChuUc  «ad     I  _  I +<0   „     W»t«r 

+«0   ,,     Wuter         1=     +13,,     Droi  "  l+JS    „     0<VK«urH>ail 

+  aS4„    Oxyiitn      (         +»!„    CarboulocidJ       V +l»;ii«yj{ru    ■ 

tvota  Uio  ftir  /  0 Haix'tnu*  |  =a»o 

la  WMcr      J 


Here  we  see  that  on  the  left  band  the  nlbumeo  is  uzidic 
the  nir  alone,  but  on  the  right  hand  is  rt-presenteU  as  tmabli!  I*  ' 
obtain  more  .ban  32  eqs.  of  oxygen,  out  of  22-1  that  il  rtquin* 
from  the  air,  and  as  jiroeuring  the  remainder  from  20  v<i%.  at 
angar,  which,  yielding  1!»2  of  oxyunn,  form,  at  the  same  time, 
6  eqs.  of  margarine  or  fat,  and  12  of  water.  I'his  prove*  thit 
the  formation  uf  fat  from  eugor  in  the  animal  Kxly,  which 
certainly  takes  place,  is  a  source  whence  the  blood  may  ubtJUB 
ox_ygen  when  respiration  is  impeded.  Were  it  not  for  Ihia,  an 
animal  kept  from  free  motion  would  soon  die  from  Ui«  aeca> 
miilation  of  unoxidised  mattt-rs  in  the  blood.  In%t<-ad  i<t  dying,  i 
the  animal  lives ;  but,  if  supplied  with  starch  in  bis  food,  obtaiu  | 
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necessary  for    the   change   of  matter  in  the  vital 
om  the  starch  or  sugar,  and  in  doing  so  necessarily 
beoomes  fat. 

There  is  another  process  by  which  fat  may  be  formed  in  the 

body,  and  which  does  not,  like  this  one,  depend  ou  a  want  of 

oxygen.      It  is,  probably,  in  this  way  that  the   normal  fat  is 

formed,  when  there  is  a  full  supply  of  oxygen,  and  it  appears  to 

L^e  a  s])eciea  of  fermentation,  in   which   the  liver  seems  to  be 

^Hnnchow  concerned,  and  hydrogen   gas  is  given  off,  which  of 

^^■purse  is  immediately  oxidised  into  water  in  the  body.     Calf's 

^^■Tcr,  when  placed  in  water,  gives  off  hydrogen  by  a  species  of 

^^Termentation,  and  fat,  the  same  as  occurs  in  blood,  is  found  at  all 

times  in  bile.     The  supposed  fatty  fermentation  of  sugar  actually 

^^Mcours  out  of  the  body,  as  in  the  butyric  fermentation,  butjrio 

^^Poid  being  a  true  fatty  acid,  and  being  found  in  butter  and  fat, 

and   in   tlio  fermentation  of  starch    sugar,   where  rutylio  and 

margaric  acids,  of  the  same  series,  are  produced,  and  ore  found, 

»oDg  with  bydrated  oxide  of  amyle,  in  the  oil  of  grain  or  potato 
lirit. 
The  following  table  will  show  the  derivation  of  fatty  acids 
om  sugar  by  fermentation.  It  will  be  seen  that  acetic  acid, 
hich,  although  belonging  to  this  series,  is  not  oily,  may  be 
rmcd  from  sugar  by  a  polymeric  transmutation,  but  that  all 
the  rest  ore  obtained  by  the  separation  of  carbonic  acid  and 
hydrogen,  always  in  equal  proportions.  Most  of  the  acids  re- 
quire so  much  sugar  as  will  yield  3  eqs.  of  acid,  and  therefore 
we  represent  all  as  formed  in  that  quantity ;  but,  obviously, 
where  the  number  of  the  equivalents  of  sugar  is  divisible  by  3, 
we  may  traoo  the  formation  of  1  eq.  of  acid. 


Aelilt. 

EqiL  r.r 
HuK»r 

Eq«.  at 

Bos.  or 
Carbuaio 

a«i,«( 

Kuno. 

Formula, 

yiclJ. 

Add. 

Add. 

BjAnpn. 

▲oetio .        .     . 

,    0.    H.    0. 

1 

3 

0 

0 

PropjUc    . 

Ca    H.    0. 

2 

3 

6 

0 

Botjrrie          .     , 

C.   U.   0. 

8 

S 

12 

12 

Talerianic 

Cio  Hio  0. 

4 

3 

13 

IS 

Oaproic        .     . 

C.  Hi.  0. 

5 

8 

24 

S4 

CEnauthjrlie 

C.  Hi.  0. 

« 

8 

80 

80 

Caprjrlic 

C.  Hi.  0. 

7 

8 

M 

80 

Pelnrgniuc 

Cio  Uii  0. 

8 

8 

42 

42 

Rulylir  nr  nitio 

C>o  Hk  0> 

9 

8 

48 

48 

Mar|.'iu-itic 

C»  Qu  0« 

10 

8 

64 

64 

Laonistcarie 

C:.   H>.  0. 

U 

8 

BO 

60 

Oociiiio     . 

c  n»  04 

12 

8 

00 

00 

Mjrristie       .    . 

Cw  H^  0. 

IS 

3 

72 

72 

VT 
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Acidi. 


&)•<  or 


Name. 

PormaI&. 

IX 

Benio 

.  Ow  Hm  0< 

14 

Palmitio 

.  OhBm04 

16 

Morgario   . 

.  Cm  H>.  0. 

le 

SUmrie 

.  CmHmO. 

17 

Bkleau      . 

.  CwHuO. 

13 

Anubidio 

.  C.oHwO> 

1» 

Beliimio     . 

.  C«  Hu  Ot 

20 

Ccrotio 

.  Cm  Hm  0. 

26 

Uclionc 

.  CwHooO. 

28 

B^«,  of 
AeU. 

8 

S 

3 

8 

8 

S 

3 

3 

3 


CkAinUa 
JU«L 

78 

84 

BO 

99 
103 
108 
lit 
150 
1G8 


78 
8« 
M 
M. 

loa 

108 
ill 
ItO 

Its 


.htm 


It  will  be  Been  that  1  eq.  of  each  of  the  acids^butjrio, 
thylic,  mtylio,  cooinio,  palmitio,  and  balenio  aoid*— might  bt 
derWed  from  1,  2,  3,  4,  d,  6,  and  9  eqs.  of  sogar  recpaetireljN 
Also,  that  the  number  of  eqs.  of  ragar  required  to  jivid  3 
of  any  aoid  is  always  exactly  1  lets  than  half  that  of  tlM  C^ 
oarbon  in  the  aoid.  The  derivation  of  oxide  of  liprle  aid 
oleic  aoid,  both  of  which  contain  more  carbon  than  hrdiogn, 
from  sugar  by  fermentation  is  probably  not  bo  simple  as  iial  «£ 
the  volatile  oily  arids  ;  but  it  can  hardly  be  doubted  that  Um^ 
may  be  thus  formed,  as  they  are  abundant  in  many  »')'TnaI  blK 

We  conclude,  therefore,  that  the  origin  of  fat  in  the  niaal 
body  is  threefuld.  First,  it  is  derived,  ready  fonnad,  Cms 
plants  :  secondly,  it  is  formed,  in  the  absence  of  oxTgen,  or  wfaaB 
oxygen  is  deKcicnt,  by  the  deoxidation  of  sugar,  wltieh  tkM 
supplies  the  oxygen  wanted ;  and  thirdly,  it  is  also  foraiad  t^ 
a  species  of  fermentation,  along  with  oarbonio  acid  and  hydro- 
gen, the  latter  being  converted  into  water  by  the  oxygon  of  tlw 
blood. 

With  rcferenoe  to  the  tissues,  fat  is  of  great  importaaoa,  M  it 
aeems  to  aid  in  the  formation  of  oells,  and  it  exists,  iwooidiaglj, 
like  water  in  a  wet  8|ionge,  mechanically  in  the  snbstanee  tl 
most  tissues,  from  which  it  may  be  pressed  out.  It  has  an 
important  share  in  producing  nervous  matter ;  bat  porhaps  its 
chief  function  is  to  aid  in  yielding  the  animal  heat  by  its  oxida* 
Uon  in  the  oourae  of  the  oircnlation.  To  this  we  iduJl 
hereafter. 

Let  us  now  briefly  consider  the  process  of  respinttioo.  Ib» 
venous  blood,  loaded  with  the  carbonic  acid  which  it  has  broo^tt 
&om  tiie  remotest  capUlories,  where  every  change  leads  ia^Jf 
to  the  formation  of  I'arbouio  acid,  is  sent  to  the  lungs,  and  ia  tk* 
pulmonary  oells  exposed  to  th»  aotion  of  inspired  air,  sepMittd 
from  it  by  a  mumbranc  of  cxtrame  twuity.  Here  the  latra  of 
difiiiaion  of  gases,  in  oontoot  with  on  absorbent  Uqnid,  ooiim  iale 
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play.  The  blood  girw  off  carbonic  acid,  and  takes  up  hydrogen 
its  Bteod.  The  separation  of  the  carbonic  acid  from  the 
lOUB  blood,  trhich  is  absolutely  essential  to  life,  cannot  take 
ace  in  an  atmosphere  containing  much  carbonic  add.  Uenco, 
if  the  inspired  air  contain  10  per  cent.,  or  upwards,  of  carbonic 
id,  and  only  10  per  cent,  of  oxygen,  the  blood  does  not  get  rid 
its  carbonic  acid,  and  death  ensues.  This  happens  when 
ala  are  forced  to  breathe  tlie  same  air  for  a  long  time, 
because  every  respiration  adds  to  the  carbonic  acid  and  dimi- 
niabe«  the  oxygen.  Even  with  1  per  cent,  of  carbonic  acid,  and 
19  or  20  per  cent,  of  oxygen,  oppression  is  felt.  But  if,  while 
carbonic  acid  be  added,  oxygen  bo  also  added,  the  air  will  still 
admit  of  the  dUTusion  of  carbonic  acid  from  the  blood.  It  has 
been  shown  that  animals  con  live  in  air  containing  from  17  to  23 
per  cent,  of  carbonic  acid,  provided  it  contoin  35  or  40  per  cent, 
of  oxygen  ;  so  that  the  poisonous  action  of  carbonic  acid  dei>cndi 
on  ita  preventing  the  diffusion  outwards  of  the  carbonic  acid  of 
the  blood.  Hence  the  importance  of  ventilation,  llio  air  in  a 
crowded,  ill-vcntilated  room,  soon  becomes  unfit  for  diffusion, 
because,  while  the  oxygen  is  diminished,  the  carbonic  acid  is 
increased.  The  expired  air,  with  normal  respiration,  instead  of 
at  most  ^,th  of  carbonic  acid,  the  quantity  in  tlie  atmosjihere, 
mtoins  3'fi  to  5  per  cent. ;  that  is,  from  3d  to  50  times  as  much 
the  air  inspired.  "With  very  deep  respiration,  the  oarbouio 
~  in  expired  air  increases  to  85  or  90  times  that  of  the  inspired 
The  oxygen  in  the  former  case  is  diminished  from  20  to  15 
16^  per  cent.;  in  the  latter,  to  U  or  IH  per  cent.  In  the 
these  two  changes  balance  each  other,  for  it  absorbs 
gen,  and  gives  out  carbonic  acid  nearly,  but  not  quite,  in  tb« 
c  volume,  a  part  of  the  oxygen  absorbed  being  converted 
ito  water.  The  blood  has  the  very  remarkable  property  of 
irbing  both  oxygon  and  carbonic  acid,  the  former  by  measi 
not  yet  fully  understood,  the  latter  by  the  presence  of  alkaline 
salts,  whicli  means  enable  it  to  absorb  far  more  of  both  gWMt 
than  an  equal  bulk  of  water  could  do.  lUood  can  absorb  13  or 
14  times  more  oxygen  tlian  water.  Whichever  be  tho  gas  pre- 
sent in  largest  quantity,  is  readily  given  out  in  on  air  containing 
little  of  that  gas,  but  is  not  given  out  in  on  air  in  which  muoh  of 
til*  g«a  is  prvsent.  Tbe  density  or  rarity  of  air  is  a  matter  of 
far  leM  oonsequenoe,  than  that  it  should  contain  little  oarbooio 
d,  in  order  to  allow  the  venous  blood  to  give  off  its  oorbonio 
d.  When  it  can  do  so,  it  takes  np  oxygen,  and  becomes 
,  and  is  then  sent  to  the  left  auricle,  and,  entering  the  left 
,  is  sent  to  carry  its  oxygen  to  all  parts,  and  ezoboogo  it 
oorbonio  acid, probably  produced  by  previous  supplies  of  oxygon. 

11^ 
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Verdefl  haa  recently  discovered,  in  the  parenrhrma  of  tho  In 
B  peculiar  ocid,  wliich  he  has  named  pnrumie  acid.     Tha 
liquid  obtained  by  chopping  the  lungs  small  and  mixing  Ihcm 
with  distilled  water,  is  strained,    and   coagulated  by   beat,  to 
separate  ulbntnen.     It  is  then  nentraliscd  with  baryta  wst<r,  uid 
eraponited  to  j  uf  its  bulk  in  the  water  bath.     Sulphate  of  aopp*»^ 
is  now  added  to  separate  the  last  traces  of  albumen,  with  fttljifl 
matter,  &o.,  and  any  excess  of  the  sulphate  is  preoipitatnl  by  ■' 
little  sulphuret  of  barium.  The  filtered  solution  is  now  »Taparaled 
tiU  crystals  of  sulphate  of  soda  appear,  a  little  diluted  suiplion* 
acid  is  added,  and  the  whole  is  boiled  with  alisolute  oloobol,  which 
dissolTes  the  pneumio  acid,  leaving  the  sulphate  of  aod*  iiaii»> 
•olved. 

The  new  a(»d  crystallises  from  alcohol  in  brilliant  nM&S 
forming  radiate  groups.  At  212°  it  loses  no  water.  IlMlid 
more  strongly,  it  melts,  and  is  decomposed.  It  is  very  solabie  ia 
water,  insoluble  in  cold,  but  soluble  in  boiling  aloobol,  iniolnbl* 
in  ether.  It  forms  crystalline  salt*  with  bases,  and  •zp«U  etf> 
bonio  acid  ^m  the  carbonates. 

Its  precise  formula  is  not  known,  but  it  ia  said  to  contain  carboo, 
hydrogen,  nitrogen,  sulphur  and  oxygen. 

The  function  of  pncuniu  acid  is  as  yet  unknown,  but,  like  lattit 
add,  it  probably  exists  in  the  blood  cr  tissue  combined  with  MHM 
base. 

The  way  in  which  the  oxygen  and  carbonic  acid  are  alwarM 
by  the  blood,  and  yet  so  easily  given  off  when  wanted,  may  U 
illustrated  by  other  chemical  changes.  From  the  eluuigw  IB 
colour  of  the  blood-corpuscles,  they  ana  probably  the  •ufaateMs 
to  which  the  oxygen  is  attached,  when  absorbed.  If  an  engrar- 
ing  be  exposed  to  the  vapour  or  gas  of  iodine,  the  ink  will  Uk* 
up  iodine,  in  proi)ortion  to  its  thickness;  and  if  the  engraving  i 
be  now  pressed  on  paper  covered  witli  starch  and 
by  on  acid,  a  blue  impression  is  obtained.  Here  tho 
leaves  the  ink  for  tho  starch.  If  the  blue  impression  ba 
placed  in  contact  with  silver  or  copper,  the  iodine  leavM 
starch  for  the  metal,  and  if  the  sUrer  or  copper  plate  be  now 
exposed  to  the  vapour  or  gas  of  mercury,  the  nereury  will 
attach  itself  to  the  parts  not  acted  on  by  th«  iodin*,  as  in  Ik 
daguerreotype,  and  produce  a  daguerreotypa  copy  of  Ih* 
engraving  without  the  aid  of  light.  Now  fn  may  aajipM*  Um 
blood-oorpueoles  to  take  up  oxygen,  to  yield  that  ozyi^ca  to 
the  eifete  tissues,  oxidising  them,  and  then  to  take  up  Iks 
carbonic  acid,  and  convey  it  to  the  lungs,  where  it  ia  givaa  off 
by  diifusioa.  An  animal  dies  instantly  in  pure  oarbo^  aal' 
'  beoBuae  in  that  gaa  no  difiiuion  of  carbo&io  aoid  can  take  pla« 
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tint  it  lives  for  a  time  in  hydrogen,  because  in  that  gas  the 
cnrbouic  acid  can  leave  the  venous  blood,  and  tbe  oxy^n  olraady 
in  tbe  lungs  can  support  fur  a  time  tbe  vital  process. 

We  see,  then,  that  the  arterial  blood  conveys  oxygen  to  all 
parts  of  the  system,  and  that  this  oxygen  is  given  out  by  the 
venous  blood  as  carbonic  acid,  and  as  water  by  the  lungs,  akin, 
ajid  kidneys.  This  oxidation  of  carbon  and  hydrogen  not  only 
carriei  on  the  vital  chemical  changes,  but  also  yields  the  animal 
I  heat,  which  is  therefore  produced  not  in  the  lungs,  but  every- 
^^B  where,  chiefly  in  the  capillaries.  Now  a  working  man  cousumei 
^^■nearly  H  oz.  of  carbon,  and  produces  about  '25  cubic  feet  of 
^^Voarbonio  acid  in  24  hours,  containing  about  37  oz.  of  oxygen. 
^^■The  ijuantity  of  water  produced  is  also  ascertained,  for  all  the 
^^Kiixygen  is  not  converted  into  carbonic  acid.  And  if  we  calculate 
^^■•tho  amount  of  oxygen  consumed  in  24  hours,  and  knowing  how 
^^  much  of  it  becomes  carbonio  acid,  consider  the  remaindtr  as 
forming  water ;  we  can  then  deduce,  from  the  known  amount  of 
beat  given  out  in  the  conversion  of  so  much  oxygen  into  carbonio 
acid  and  water  by  combustion,  the  amount  of  heat  which  ought 
to  be  given  out  in  the  slow  oxidation  of  carbon  and  hvdrogen  in 
the  body,  which  is  the  same  as  in  combustion,  only  spread  over 
a  longer  period.  I'his  calculation  is  found  to  agree  closely  with 
the  amount  of  animal  heat,  as  directly  observed,  and  therefore 
we  are  satisfied  that  the  animal  heat  is  entirely  due  to  the 
chemical  ohuuges,  all  depending  on  oxidation,  which  go  on  in 
the  body.  It  is  evident  that  the  animal  heat  ia  promoted  by 
ererything  that  increases  the  supply  of  oxygon,  as  increased 
reopiration,  or  cold,  which,  rendering  the  air  denser,  supplies  its 
own  antidote,  within  certain  limits,  provided  the  food  be  abun- 
dant ;  and  that  clothing,  which  prevents  loss  of  heat  by  oooling, 
'endem  a  less  amount  of  oxygen  and  of  food  neoessory.  Hot 
Weather,  or  a  hot  climate,  has  the  same  efl'eot,  and  reduces  the 
,pp«tite  for  food,  which  is  the  fuel  to  be  burned  in  the  animal 
Doce  to  produce  heat.  In  cold  climates,  muoh  more  food,  and 
peciolly  more  respiratory  food,  guoh  as  fat,  oil,  blubber,  and  the 
e,  is  instinctively  consumed. 

It  is  obvious  also,  that  siuoe  carbon  and  hydrogen  are  the 
,ef  souroes  of  animal  heat  in  their  oxidation,  while  nitrogen 
and  it*  oompouuds  are  hardly  combustible,  the  chief  portion  of 
the  animal  heat  must  come  from  the  non- nitrogenous  food, 
starch,  sugar,  and  fat,  hence  called  respiratory  food.  Indeed,  so 
low  is  the  combustibility  of  the  sanguigenous  food,  that  we  may 
■ay  tiiut  oil  the  heat  comes  from  tbe  respiratory  matter ;  for  wu 
find  the  pro|iortiou  of  carbon  to  nitrogen  in  the  solid  and  li<iuid 
ereta  to  b«  aa  great,  or  greater,  as  in  albumen,  Ac    How, 
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since  the  wbole  nitrogen  is  found  in  tlie  excreta,  it  it  eTitoil 
that  these  contain  also  the  whole  carbaa  of  the  ii>tiiiiiiiMiii  \ 
matters,  or,  at  least,  a  qnantitr  eqital  to  it ;  for  while  the  tiMUs 
contain,  for  every  eqnivalc-nt  of  nitrogen,  8  eqs.  of  earbaii,  ima* 
ooDtxins,  in  man,  only  about  1*8  or  2  eqs.  of  carbon  for  1  of 
nitrogen.  Here  6  eqs.  of  carbon  have  disappeared  for  vrtry  aq. 
of  nitrogen.  Bat  in  the  horse,  the  eqs.  of  carbon  are  to  thoM  of 
nitrogen  in  the  urine  as  6-6  to  1  ;  in  the  oow,  aa  6,  or  araa  a* 
16  to  I ;  in  tho  pig,  as  10  to  1 ;  so  that  in  these  latter  omm  tla 
tisBoea  cannot  be  supposed  to  have  contributed  maofa,  if  aajiU^, 
to  the  animal  heat. 

Hence  the  food  of  animals  should  contain  a  dtie  admxztw*  cf 
sanguigenooB  and  respiratory  food,  the  former  to  aufiplr  Ih* 
waste  of  the  tiaaues,  the  latter  to  supply  the  aniaal  heat.  The 
langaigenons  food  is  albumen,  fibrine,  or  caseine ;  th*  nnii*- 
tory,  stareb,  sugar,  or  fat.  The  following  table,  from  Ii»kMi 
Letters,  to  which  the  reader  is  reCerred  for  full  detaila,  shvwvtta 
relative  proiwrtions  of  sangnigenous  and  reapiratorr  matter  ia 
various  kinds  of  food,  the  re^iratory  food,  for  the  sake  of  ooa> 
porison,  being  oaloulated  aa  starch. 


TA.SLC  OF  TItB  KSLATTTE  PIWroRTTOXS  OF  TBE  8.0ron«K3ran 

TO  THI  HzsmuTOKT  coxMiTt^rjeTs  I3C  nirprRiwt 
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BaucolfBaaaa 


B«^nt«>7  (M  atank) 


10 

so  = 

-\l04giilk 

Homaa  milk 

10 

40 

Lentils 

10 

SI 

Horse  beans 

10 

2S 

Fesa 

10 

iS 

Patmotton 

10 

27  = 

11-25  fcL 

btpork 

10 

»0  = 

IS-  5   .. 

Beef 

10 

11  = 

708  .. 

Han 

10 

8  = 

0-OS  .» 

V«l 

10 

1  3K 

0  *1  „ 

WbwIilMV 

10 

M 

Oatiaca) 

10 

50 

Kje  flour 

10 

er 

Bariejr 

10 

cr 

rotolue^  irhile 

10 

M 

Ptototoai,  hloe 

10 

lis 

Bice 

10 

ISS 

Baokwtxat 

10 

180 

Hert  we  see  that  milk  and  grain,  the  two  bMt  forma  of  nUntf 
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food,  eontjun,  for  one  of  tanguigenons,  3  to  5-7  of  respiratory 
nutter.  Fat  meat  has  also  1  to  3  or  1  to  2'7,  and  agrees  with 
peas  and  beans  very  nearly.  Lean  beef,  hare,  and  veal,  have 
Car  too  little  respiratory  niatt«r,  only  1-7,  0-2,  and  0-1,  to  1  of 
plastic  or  sanguigcnous  food ;  while  potatoes,  rioe,  and  baok- 
irtieat,  have  8-6,  11-5,  12-3,  and  13  of  respiratory,  for  1  of 
MSgnigenons  matter.  For  this  reason,  respiratory  matter  should 
be  added  to  lean  meat,  and  also  to  peas  and  beans ;  but  songui- 
geoous  matter  should  be  added  to  potatoes  and  rice.  This 
explains  the  instinctive  and  universal  use  of  beans  with  baonn, 
pork  with  pease  pudding  (bacon  containing  very  little  songui- 
genoas  matter),  veal  with  bam,  potatoes  and  rice  with  lean  meat, 
flour  and  butter  with  eggs  (which  are  very  rich  in  albumen). 
The  best  proportion  for  a  working  man  is  about  o  of  respiratory 
for  1  of  albuminous  food,  and  for  a  young  animal,  3  or  4  of 
respiratory  to  one  of  sanguigenous  matter.  These  proportions, 
which  are  those  of  grain  and  milk,  are  cosily  obtained  in  the 
mixtures  above  named. 

'niien  the  proportion  of  respiratory  matter  is  too  small,  then 
a  large  amount  of  sanguigenous  matter  must  be  used  to  supply 
beat,  which  is  a  great  waste,  since  such  matter  is  the  worst 
■ooroe  of  heat.  Thus,  to  obtain  the  same  amount  of  heat,  we 
must  nse: — 

Fat 100  parts  ;  Eespiratory  food. 

*■'"      II  11 

I  rag" 249      „  „ 

apesnsar 2«3      „  „ 

[ilriu,  at  SO  per  cent,  of  alcohol    .     206      „  ,, 

Jtnth  lean  meat  .         .     .     770 ;  Saoguigenons  fixni. 

Alcohol  belongs  to  the  respiratory  class;  and,  therefore,  if 
properly  diluted,  and  used  as  an  addition  to  sanguigenous  food, 
•uoh  a*  lean  meat,  cheese,  eggs,  or  pease  and  beans,  it  is  nsefol, 
Ktber  than  hurtful.  But  if  added  to  food  already  oontufiing 
6,  B,  10,  or  15  parts  of  resjnratory,  for  1  of  sanguigenous  matter, 
it  is  hurtful,  aa  reducing  the  proportion  of  the  latter  still  further. 
Now  when  the  food  contains  too  little  sanguigenous  food, 
[  momou*  quantities  of  it  are  required  to  supply  the  waste  of 
'  matter.  Thus  it  will  take  123  parts  of  rice  to  supply  as  muoh 
tiasne  as  33  parts  of  fat  pork,  or  125  of  blue  potatoes  to  yield  u 
muoh  tissue  as  27  of  lean  beef.  Dut  the  quantity  of  rioe  or 
potatuea  which  may  be  \iavd  is  limited  by  their  price,  and  also  by 
their  bulk  ;  for  the  necessary  supjily  may  be  too  bulky  for  the 
stomach  which  has  to  digest  it,  and  of  oourse  a  large  aiuouut  of 
respiratory  matter  is  wasted  in  the  use  of  suoh  food.     If  tha 
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peasantry  attended,  or  were  taught  to  ttteiid,  to  tlie 
admixture  of  tlieir  food,  they  might  cause  t}ieir  Umit«d  wage*  to 
gu  much  farther  than  at  present.  But  for  details  ou  this  aubjaot 
I  must  again  refer  to  Liebig's  Animal  Chemistry,  and  to  tJM 
third  edition  of  his  "  Letters  on  Chemistry." 

The  amount  of  bodily  or  mental  work  done  is  measured  by  tli* 
daily  waste  of  tissues,  muscular  or  nervous,  &o.,  and  th«  daily 
food  must  contain,  if  health  is  to  oontinue,  exactly  aa  mocil 
p  sanguigenous  matter,  and  in  an  available  form,  as  will  au[i(i]y  tiw 
I  daily  waste.  With  less,  the  body  is  wasted.  With  macv,  tbf 
l>lood  is  loaded  with  products  of  change  beyond  the  noosal 
standard,  and  disease  ensues,  if  this  go  beyond  certain  limita. 
The  respiratory  food  not  only  gives  the  animal  heal  by  its 
oxidation,  but  protects  against  oxidation  the  blood  and  titauat. 
A  full  supply  of  it  is  equivalent  to  so  much  olotliing  ;  and  rUa 
versi,  warm  clothing  enables  men  to  do  with  leas  respiiat<sy 
food. 
Such  is  the  relation  of  respiration  to  digestion  and  nutritias, 
I  And  it  will  be  seen  that  they  are  mutually  indispensable.  In 
digestion  the  food  is  rendered  soluble,  and  prepared  for  Bsaiati- 
lation  and  for  oxidation.  lu  respiration  the  blood  is  oxidisol, 
and  carries  oxygen  to  assist  in  the  waste  of  tissue  evt'tywtun^ 
while  it  gives  otf  the  carbonic  acid  formed  by  previous  ohaa^«t. 

We  have  now  to  consider  the  mineral  element*  of  laoi,  aad 
the  shore  tbi-y  take  in  the  vital  process.  All  food,  oapaUs  of 
sustaining  animal  life,  must  contain  mineral  aalta.  Tbeta  an 
alkaline  and  earthy  phosphates  and  sulphates,  oommon  fealt,  and 
oxide  of  iron,  with,  in  a  lew  oases,  iodideo,  and  in  all  •  niaitti 
proportion  of  fluorides. 

The  blood,  in  order  to  perform  its  functions,  must  be  olkaUa*, 

and  it  is  rendered  alkaline  either  by   carbonate  of  soda  or  bjr 

,  phosphate  of  soda,  P0«,  2  Na  0,   11  U,  or  by  both.     The  fint 

I  occurs  in  herbivora ;  the  second  in  oamivora,  and  in  animals  fed 

p4>n  groin,  peas,  &c.,  alone  ;  the  third  in  omuivora.     It  ia  mj 

remarkable  that  two  salts,  so  diiferent  in  com[iositio<i  aa  e>rbo> 

nato  of  soda,  Ha  0,  C  0> ,  and  phosphate  of  soda,  2  Na  O,  U  O, 

P  Os ,  should  yet  closely  agree  in  being  alkaline,  and  in  tbMT 

action  on  carbonic  acid  in  the  blood.     They  both  readily  aiiawit 

it,  and  as  readily  give  it  out  in  another  gas. 

But  while  the  blood,  the  saliva,  the  intestinal  aeorotioo,  tlM 
bUv,  and  milk  are  alkaline,  and  the  ponci-eatio  jnioe  etlbcr 
alkaline  or  neutral,  the  juice  of  the  muscles,  the  gastria  JtliM^ 
and  the  urine  of  carnivora  and  omnivora  are  ocid.  Krca  tlia 
Qe  of  herliivura,  although  {wrmanently  alkaline,  ia  add  from 
czoeaa  of  oorbunio  aoid  oi  it  Icarea  the  body.    This  aooa  iti^o- 
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rat«s,  and  the  urine  becomes  alkaline  from  the  presence  of 
alkaline  carbonates.  The  acidity  depends,  in  the  juice  of  flesh,  on 
the  presence  of  phosphate  of  {>otush,  P  Os,  K  O,  2  H  0,  which  is 
an  acid  salt,  and  yet  is  formed  in  close  proximity  to  the  alkaline 
phosphate  of  soda,  the  blood  and  juice  of  tiesh  being  8oparat«id 
only  by  very  tine  membranes.  An  alkaline  state  of  tlie  blood  is 
absolutely  indispensable  to  its  functions ;  acid  blood  is  incon- 
sistent with  life.  Ileuoe  every  acid  that  enters  the  blood  must 
be  at  once  neutralised.  And  yet  it  is  in  close  proximity  to,  and 
eommnnicates  by  endosmosis  and  esosmosis  with,  an  acid  liquid, 
the  juice  of  flesh,  or  gostrio  juice,  or  urine,  and  is  constantly 
receiving  uric  acid  and  other  acids.  Vegetable  acids,  taken  in 
food,  are  speedily  oxidised  in  the  blood  into  carboaiu  acid  and 
iVat«r,  and  only  api>ear  as  alkaline  carbonates.  It  would  appear 
that  the  formation  of  tissues  cannot  go  on  without  the  presenoe 
«f  free  phospltoric  acid,  or  at  least  acid  phosphates,  while  their 
truotion  demands  the  presence  of  free  alkali,  which  we  know 

be  favourable  to  oxidation.  Thus,  in  the  egg,  the  phosphoric 
Boid  is  in  great  excess.  As  the  lymph  and  chyle  ore  also  alka- 
line, the  formation  of  the  blood  itaelf  appears  to  depend  on  the 
prescDoe  of  excess  of  alkali.  The  flesh  of  all  animals  is  the  same 
in  rvspvct  to  mineral  matter;  but  the  blood,  and  of  course  the 
wine,  of  the  herbivora  contains  less  phosphates  and  more 
oaibonates. 

The  ashes  of  the  food  are  either  phosphates  and  sulphates 
•lone,  oa  in  flesh,  grain,  peas,  &c.,  or  phospiintes,  sulphates, 
nlioates,  and  carbonates,  as  in  grass  and  green  vegetables. 
They  are  partly  soluble  in  water,  partly  insoluble.  Now,  in  the 
body,  the  soluble  parts  of  the  ash  ore  found  in  tlie  urine,  the 
insoluble  in  the  solid  excreta.  When  the  phosphurio  ucid  is  not 
present  in  sufficient  quantity  to  unite  with  all  llie  bases,  it  forms 
insoluble  salts  with  lime  and  magnesia,  while  the  alkalies  appear 
aa  sulphates  and  carbonates.  liut  where  more  pliusphorio  acid 
is  present,  the  insoluble  salts  are,  as  before,  phosphutes  and  sili- 
cates of  lime,  magnesia,  and  oxide  of  iron,  while  the  soluble 
onee  are  phosphates  and  sulphates  of  the  alkalies.  Uenoo, 
knowing  the  nature  of  the  ashes  of  the  food,  we  can  tcU  the  salts 
of  tlie  urine  and  fieoes ;  and  by  altering  the  food,  we  can  change 
these  at  pleasure.  The  urio  and  hippurio  acids  formed  in  the 
rtisjlge  of  matter,  are  found,  so  far  as  not  oxidised,  in  the  urine, 
nd  tlio  following;  table  shows  the  oom[>osition  of  the  urine  with 
composed  of  flesh,  grain,  and  legtiminous  sui-ds,  and  also 
*rith  grass,  clover,  turnips,  potatoes,  and  fruit.  The  oortliy 
'|)ho«phiitc's  and  carbonates,  it  must  be  remutub«rud,  ore  solubU 

excess  of  ucid. 
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Sinoe  the  loliible  aalU  of  the  uhes  of  the  blood  are  the 
those  of  the  arine,  and  &inoe  we  can  affdct  the  natura  of  the 
ttrioe  by  change  of  diet,  we  may  not  oniy  draw  oonoluaiona  u  to 
the  soluble  salta  of  the  bluod  from  the  urine,  bat  oIm  modify 

^  these  by  diet. 

When  we  consider  the  absolute  necessity  of  phosphoric  acid  aiul 
the  phosphates,  as  well  aa  of  the  other  mineral  ingredieuts  of  Hood, 
to  the  vital  changes,  we  see  how  important  it  is  that  the  food 
should  contain  these  in  due  proportion  and  admixture.  This  it 
the  reason  that  iibriue  alone  will  not  tapi>ort  life  ;  that  yelk  of 
egg,  cheese,  and  similar  matters,  also  faU,  when  used  aloiw,  to 
support  life.  The  tibre  of  meat  is  rich  in  phosphoric  aoid,  Iwl 
baa  lust  the  alkalies  of  the  juice  :  the  yolk  of  egg  is  still  rieher  ia 

I  phosphorio  aoid,  but  wants  the  alkali  of  the  white.  CbecM  i* 
also  rich  in  phosphoric  acid,  but  requires  the  alkalies  of  Um  wfaof, 
and  so  on.  Salt  is  useful,  both  with  eggs  and  cheese,  to  tnn'f 
eoda  for  the  blood  and  bile  ;  indeed  it  is  useful  with  all  food,  bat 
•till  more  with  Uiose  substances.  It  appears  generally  to  pro- 
mote the  secretions,  probably  from  its  adding  to  the  solmt 
powers  of  water.  Meat,  boiled  to  rags,  is  librine,  and  is  only 
nutritious  with  the  soup.  Uenoe  the  continental  habit,  of  aatiog 
the  builed  meat  after  the  soup  made  from  it,  is  rational.  All  food, 
to  be  fully  nutritive,  must  contain  iron ;  and  those  kinds  a( 
animal  food,  which  are  found  by  experience  to  yield  laai  blood, 
ore  deficient  in  iron  as  well  as  alkidios.  Such  are  milk,  eggs,  aad 
fish,  all  of  which  ore  allowed  to  form  part  of  the  fasting  or  taaagn 
diet  of  Catliolic  countries. 

The  reader  will   liud,  in   Liebig's   "Letters  on   '^"mhHtj' 
numerous  analyses  of  the  aahes  of  blood,  flesh,  milk,  nhtaoo,  gnaa« 
^''i  %£■,  uriue,  and  teoes,  establishing  the  general  pniu^glM 
here  laid  down,  and  the  great  importonoe  of  the  mineral 
tuonts.     Our  space  ia  too  limited  to  allow  more  than  a 
of  the  principle,  that  pho^hoiio  aoid  in  excess  is  roqoirod 
production  of  the  tissue*,  and  axoeu  of  alkali  is  required  to 
the  blood,  and  enable  it  to  perform  its  functions  of  d»l 
the  tissues  by  oxidation.     The  blood,  indeed,  conveyt  to  all 
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the  matcruls  for  the  formation  of  tissnes,  but  aa  that  formation 
!  requires  tree  phosphoric  ooid,  it  probably  takes  place  out  of  tho 
blood. 

We  have  already  stated  that  food  onght  to  contain  a  due  pro- 
portion of  sanguigenous  and  respiratory  matter.  In  preparing  it 
core  should  be  token  to  lose  nothing  of  the  mineral  elemeuts. 
Hence  tho  salting  of  meat,  which  expels  by  oxosmosis  a  great 
put  of  the  juioe  with  its  salts,  is  injurious,  unless  the  solto  are 
,  teplaoed  by  a  free  use  of  green  vegetables,  which  contain  much 
I  nlioe  matter,  sometimes  10,  Ifi,  or  20  per  cent,  of  the  dried  plant, 
or  bj  preserving  the  juice,  boiling  it  down  to  get  rid  of  the  salt, 
and  Qsisg  it  as  sauce  to  the  meat,  or  by  adding  tho  soluble 
•ztraot  of  meat.  The  system,  so  oommon  in  England,  of  boiling 
food  of  ony  kind  in  a  large  quantity  of  water,  which  is  thrown 
•way,  is  ahto  very  bad.  Vegetables  ought  to  be  stewed,  witli 
very  little  water,  and  the  juice  eaten  witli  them.  Meat  ought 
I  titlier  to  be  roasted,  stewed,  or  if  boiled,  for  eating,  boiled  as 
follows :  Tho  meat  is  thrown  into  boiling  water,  and  kept  at  '212' 
for  a  minute  or  two ;  this  coagulates  the  albumen  of  the  juioe 
near  the  surface,  so  as  to  form  a  kind  of  orust  or  coat.  Cold 
water  is  now  added  so  as  to  reduce  the  temperature  to  165",  at 
which  it  is  kept  till  fully  dressed  in  the  centre.  The  orust  of 
albumen  keeps  in  tho  juioe,  and  meat  thus  boiled  is  not  only 
tender,  but  has  all  the  davour  and  nutritive  power  of  roast  meat. 
I  But  if  tlie  soup  be  wanted,  then  the  meat  is  put  on  with  a  little 
Oold  water,  and  slowly  heated  to  boiling.  The  water  enters  and 
the  juice  is  expelled,  before  the  albumen  of  the  latter  is  coagu- 
lated ;  and  after  boiling  for  a  little,  the  beat  possible  soup  is 
obtained. 

If,  in  countries  like  Australia,  Buenos  Ayrcs,  and  others,  where 
eattle  ore  killed  for  their  hides  alone,  or  for  the  hide  and  tallow, 
the  flesh  were  thus  exhausted,  and  the  soup,  using  only  about  as 
Biaeh  water  as  meat,  evaporated  to  a  soft  extract,  this,  the  tme 
extract  of  meat  or  portable  soup,  would  bo  obtained  at  a  cheap 
(ate,  and  furnish  a  valuable  article  of  food,  1  part  of  whioh  is 
•qual  to  nearly  30  of  fresh  meat.  This  is  to  be  carefully  distin- 
guished from  the  portable  soup  in  hard  gelatinous  cakes,  which 
oonsista  chiefly  of  gelatine  extraotcd,  by  long  boiling,  from  meat 
And  bones,  and  sometimes  does  not  contain  even  ^,th  of  true 
extract.  Oektine  cannot  yield  blood,  and  is  worthless  as  food, 
•are  perhaps  in  a  very  small  proportion,  to  yield  membrane.  The 
tme  extract  of  meat  is  always  soft,  and  does  not  gelatinise,  and 
would  be  invaluable  for  convalescents  and  wounded  soldiers.  It 
is  slightly  detioient,  compared  with  meat,  in  phosphoric  avid,  but 
tiut  is  easily  supplied  by  grain  or  peas. 
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It  is  hardly  necessary  to  point  out  the  importanou  of  salt 
k*tol>ief  source  of  sodium  or  soda  for  the  blood  slid  bile.  Tt» 
absence  of  salt  is  sure  to  be  iujurious,  and  in  countries  whtn 
it  is  scarce,  it  fetches  a  price  equal  to  that  of  gold  or  nlvcx. 
/tnininl*  instinclively  take  it,  and  search  for  it,  and  its  eibetM  <n 
them,  on  their  general  health  and  all  their  seor«ticuu,  •!!•  wed 
marked. 

Of  aU  food,  perhaps  good  bread,  made  from  the  whole  meal  of 
wheat,  oats,  or  rye,  is  the  most  economical,  since  natuiv  suppUa 
in  it  the  due  proportion  of  songuigenous,  respiratory,  and  mineral 
mattvr.  But  since  the  tibriue  of  flour  is  identical  with  thai  o( 
iiesh,  and  fat  corresponds  to  a  certain  amount  of  starch,  (at  neat 
agrees  closely  with  bread,  and  has  a  better  proiior;'  ,-r»- 

dients  than  peas,  beans,  and  lentils.     Ucuee  the  <  .  'Jw 

Vegetarians  is  founded  on  a  mistaken  assumption,  th^it.  Ltu.i«  ts  a 
radical  difference  between  meat  and  vegetables.  It  is  oerUis 
that  the  structure  of  man  flts  him  for  the  use,  though  not  the 
exolusiTe  use,  of  animal  food ;  and  even  the  vegetarians  do  not 
exclude  milk,  cheese,  and  eggs,  all  of  which  are  of  animal  uh^^ ; 
the  Urst  about  equal  to  meat  in  sanguigeoooa  value  ;  the  two  last 
greatly  exceeding  it.  A  man  may  feed  us  fully,  nay  mot*  taUf, 
and  form  more  blood  on  a  vegetable  diet,  one  of  peai  uM 
example,  than  on  one  of  very  fat  meat.  There  is  no  kapwa 
difference  in  the  power  of  forming  blood,  between  flesh  aal 
bread,  if  the  flesh  be  mixed  with  suffloient  fat  or  some  Btareh ; 
and  there  is  one  reason  why  flesh  should  form  port  of  uu'i 
food,  besidea  that  derived  from  the  structure  of  his  t«ctlt  aad 
digestive  organs,  namely,  that  since  the  chief  use  of  food  is  to 
supply  the  waste  of  muscle,  the  best  substance  for  this  moat  b( 
the  muscle  of  animals.  The  great  error  in  diet  is  not  thatuf 
eating  flesh,  but  of  eating  too  much  flesh,  or  too  much  san^- 
genuus  matter,  whether  animal  or  vegetable.  And  the  only  tras 
principle  of  diet  is  to  obtain  the  necessary  amount  of  aatigni* 
genous  matter,  of  respiratory  matter,  and  of  mineral  aalla, 

mutter  from  whot  sourues.      In   applying  this  rule  to  

mixed  animal  and  vegetable  diet  is  obviously  the  be«t ;  botii? 
being  in  the  end  most  economical,  because  fleah  is  nearest  of  all 
to  what  it  has  to  supply ;  and  because,  although  fat  con  roplaos 
the  starch  of  vegetables  us  a  source  of  heat,  the  ashei  of 
tables  yield  a  more  abundant  supply  of  alkalies.  The 
man  agrees  entirely  with  tliis  view,  and,  like  all  one-aidad 
exclusive  ideas,  vegetarianism  is  inconsistent  with  nature, 
it  is  certain  that  men  can  over-eat  themselves  more  easily 
animal  than  with  vegetable  food,  and  that  they  ooa  li* 
Vtfgetablos  alone.     Hut  they  are  not  iuUindcd,  by  their  si 
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and   even   on  vegetables    may   easily  Utb  too  high, 
especially  if  milk,  cheese,  and  eggs  be  added. 

The  abuse  of  fermented  lii^uors  is  hurtful  in  two  ways  ;  first, 

by  the   peculiar  stimulus  whioh   alcohul,    unless  much  diluted, 

Kerts  on   the  nervons  system   in   some  way  unknown ;    and, 

ondly,  by  increasing  the  proportion  of  respiratory  matter  to 

sangvigenous  far  beyond  the  proper  standard.     By  virtue  of  ita 

strong  attraction  for  oxygen,  alcohol  is  tirst  oxidised,  while  the 

food  and  dnsuea  are  im]ierfcctly  oxidised,  and    disease  is  thus 

iadured.      If  the  food  already  contain  a  full  or  large  projwrtion 

of  starch  or  fat,  every  drop  of  alcohol  is  hurtful ;  but  when  the 

^ood   is    too   rich   in  sanguigcnous  matter,   wine   and  beer  are 

irholesome.      In   proof    of  the   fact,   that  alcohol  supplements 

^e  other  respiratory  food,  it  is  observed  that  those  who  drink 

no  wine  consume  far  more  bread,   vegetables,  rice,  or  puddings, 

than  wine  drinkers  ;    and  the  good  health  enjoyed  by  the  natives 

of  wine  and  beer  countries  who  use  these  liquors  fieely  but  not 

^^o  excess,  proves  that  aloohol  is  not  essentially  hurtful,  when 

^Bpropcrly  diluted,  but  acts  as  respiratory  food.     Those  who  take 

^^^Bueh  fat,  butter,  or  oil,  cannot  take  wine,  and  feel  no  desire 

^^  If  we  wish  to  fatten  an  animal,  its  food  ought  to  contain 
a  large  proportion  of  respiratory  food,  the  excess  of  which, 
beyond  what  is  required  for  the  animal  heat,  is  converted  into 
fat,  and  stored  up  in  cells.  But  as  sanguigenous  matter  is 
required  for  the  change  of  the  tissues  and  also  to  form  the  fat 
cells,  an  animal  cannot  be  fattened,  nor  even  live,  on  storoh 
ne. 

I  have  now  seen  that  the  food  is  digested,  enters  the  oiroula- 

1,  restores  the  wasted  tissues,  and  supplies  during  its  oxidation 

I  seorc'tions,  the  excretions,  and  the  animal  heat.    It  is,  in  other 

burned  in  the  body,  as  in  the  fumaoe.     The  products  of 

1 4mnplete  combustion  of  the  respiratory  food,  namely,  carlxmio 

acid,  water,  and  ammonia,  escape  by  the  lungs  and  kidneys.     The 

product*  of  incomplete  combustion  chietly  derived  from  sangni- 

gnmu  fiKid  are  partly  found  in  the  bile,  partly  in  the  urine  and 

fWoes,  where  they  represent  the  soot  uf  the  furnace,  and  in  fact 

are,  to  a  great  extent,  identical  with  some  of  the  compounds 

Dund  in  tar,  which  is  liquid  soot.     Carbolic  acid,  for  example,  is 

bund  both  in  urine  and  in  tar ;  and  urine  also  oontains  another 

,  homologous  with  carbolic  acid.     The  ashes  are  divided  by 

r  into  the  soluble,  which  appear  in  the  urine,  and  the  insolu- 

I,  which  are  found  in  the  ftt>oi-8,  along  with  indigestible  woody 

bre,  undigested  starch,  fetid  products,  which  con  be  imitated 

'  the  partial  oxidation  of  albuminous  matter  out  of  the  body  ; 
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and,  lastly,  tony  prodacta,  originating  in  the  tame  wtty.    TIm 
I  asliea  of  the  liquid  and  aolid  exoreta  are  idunticul  with  tliM*  «f 
the  food,  if  that  be  uniform,  but  change  with  the  diet. 

So  long  as  the  vital  foroo  prevails,  the  oxidation  in  the  body 
C&ota  only  the  respiratory  food  and  the  eiiete  or  wotn-Mt 
I  tissnes.  It  produces,  however,  as  it  advanoes,  products  wbiifc 
no  longer  obey  the  vital  furoe,  and,  yielding  to  phyneoi 
oystalliM.  And  these,  such  as  hippnrio  acid,  kreatine,  urie  i 
and  urea,  are  destined  to  bo  excreted.  After  death,  th»  i 
of  the  air,  no  lunger  opposed  by  the  \ital  force,  atta4<kii  tlM  I 
and  tissues.  Tlie  lirst  ctfeot  is  a  degree  of  decay,  and  by 
of  the  decaying  albuminous  matter,  now  a  ferment,  witl 
entire  albuminous  oompounds  remaining,  these  putrify, 
finally,  by  the  process  of  decay  and  putrefaction,  revulred 
the  organic  food  of  plants,  carbooio  acid,  wot«r,  ammoiiia,  laj 
sulphuric  acid,  while  the  ashes  ore  restored  to  the  soil. 

Now  the  circuit  begins  again,  which  we  have  already  tllwJ 
The  plant  grows,  and  from  carbonic  aoid,  water, 
sulphuric  acid,  and  the  mineral  salts,  forms  ita  H«.t|.m 
protlucts,  ready  to  become  tho  food  of  a  new  generatio 
animals,  which  at  death  are  again  resolved  into  food  for  ptanlt. 
And  thus  the  balance  is  kept  between  the  animal  and  rtgtHahk 
kingdoms,  the  atmosphere,  water,  and  soil,  or  mineral  >  iimiliwi, 
supplying  tho  field  of  contest,  and  the  necessary  mnlia. 

Although,  OS  we  have  seeu,  animals  can  form  blood  and  I 

either  from  albumen,  fibrine,  or  oaseine,  provided  the 

I  salts  be  present,  and  therefore  oan  convert  those  eompomda  -I 

one   another,  there   is   no   evidence   that  they  oan  form 

albumen,  fibrine,  or  oaseine,  as  the  plant  does,  from  any  i 

not  containing  one  of  thorn.     On  the  contrary,  the 

animal  life,  being  processes  of  oxidisation  and  deatmotica,! 

.opposed  to  those  of  vegetation.    The  chief  vegetable 

l£>rmed  by  animals  are  fat,  benzoic  arid,  which  is  fouad  ia| 

I  Brine  of  herbivora,  and  oxalic  acid.     Starch  has  latelv 

'  tected  in  various  parte  of  the  body,  but  its  origin  is  still . 

Glucose  appears  to  be  a  normal  constituent  of  tho  blood  in 

ports,  and  is  probably  formed  in  the  body ;  there  is 

pbclieve  that  it  is  produced  by  the  decomposition  of  albumiii 

natter.     liut  all  of  these  may  be  formed  by  oxidatiua  or 

fenncutntion.  Plants  are  characterised  cht<mieally  by  ooo 

of  complex  molecules  and  deoxidation,  animals  by  i 

complex  molecules  and  oxidation,  and  the  products  of  eMh  I 

of  life  are  tho  food  of  the  other. 

The  food  of  oamivora,  being  idcnticol  with  their  Mood  mat 

,  Aoaole,  the  digestive  apparatus  is  in  them  Toy  limplo :  mi4  tte 
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,  oonsisting  chiefly  of  insoluble  phogphatcs,  much  less  bulky 
ia  herbivora.  The  respiratory  part  of  their  food  is  fat, 
preaent  eren  in  lean  fleah.  Bui  as  it  is  often  deficient  in  quantity, 
they  are  compelled  to  burn  a  portion  of  sanguigcnous  matter  for 
heat>  a  wasteful  expenditure  of  force.  This  is  done  by  muscular 
motion,  whioh  rapidly  wastes  the  tissues.  Henoe  the  restlesa- 
neas  and  oonstant  activity  of  oamiTorouB  animals,  STen  in 
oonfinemcnt. 

The  remarkable  fact  already  noticed,  of  the  existcuoe  in  all 
parts  of  the  body  of  an  alkaline  liquid,  the  blood,  and  an  add 
liquid,  the  juioe  of  flesh,  separated  by  a  very  thin  membrane, 
^_and  in    contact  with  muscles   and  nerve,  seems  to  have  some 
^Hblation  to  the  fact  now  established  of  the  existence  of  eleotrio 
^^■nirents  in    the    body,  and   particularly  to  those  whioh  occur 
^Krlicn  muscles  contract.     The  animal  body  may  be  regarded  as  a 
^■galvanic  engine  for  the  production  of  mechanical  force.     This 
force  ia  derived  from  the  food,  and  with  the  food  has  been  derived, 
as  we  have  seen,  from  the  solar  rays.     A  working  man,  it  has 
been  calculated,  produces  in  24  hours  an  amount  of  heating  or 
■^bermal  eifeot  equal  to  raising  nearly  14  mUlions  of  lbs.  to  the 
^Btaight  of  1  foot,  heat  being  one  form  of  mechanical  effect.     But, 
^^from  cauaes  connected  with  the  rang«  of  temperature,  he  can  only 
produce,  in  the  form  of  actual  work  done,  about  as  much  mecha- 
nical effect  as  would  raise  3,600,000  lbs.  to  the  height  of  1  foot, 
and  that  in  24  hours.     Even  this  is  a  prodigious  amount  of  force, 
and  whether  we  regard  it  as  derived  from  heat,  electricity,  or 
ohemicol  action,  it  is  ultimately  derived  from  the  lomiuoua  solar 
kys,  on  whioh  vegetation  depends. 
Oor  s]>ace  will   not  permit  us  to  enter  into  detail  on  the 
bemicol  nature  of  the  causes  of  disease,  which  are  still  very 
DpvrfcoUy  understood.     But  some  things  are  evident.    Thus,  if 
digestion  be  so  far  impaired,  by  any  cause,  as  uot  to  dissolve 
I  Moeasary  amount  of  respiratory  matter,  the  tissues,  no  longer 
proteotvd,  are  wasted  by  oxidation,  and  the  products  of  this,  such 
oris  acid,  load  the  urine,  as  is  seen  in  all  febrile  diseases.     If 
I  state  cuutinues,  the  lungs,  where  oxygen  is  absorbed,  become 
leotvd.     When  oxygen  ia  dcAciont,  oombnittible  matter  aoou- 
ulatee  in  the  blood  beyond  the  duo  proportion,  and  the  livor  is 
ilod  on  to  work  beyond  its  powers,  in  secreting  bile  ur  funning 
fat,  and  hc|iatic  disease  ensues,  as  we  sec  in  hot  climates,  when 
people  indulge  in  full  feeding,  and  respiration  is  languid.   Should 
the  food  be  too  abundant  and  too  rich  in  sanguigvnuus  matter 
amounts  to  a  deficiency  of  oxygen ;  and,  if,  at  the  sane 
DC,  there  be  a  deficiency  of  alkali,  necessary  to  promote  tha 
'oxidation  of  effete  matter  in  the  blood,  we  have  the  urio  aoid 
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ditttberia,  or  with  a  little  more  oxygen,  the  oxalic  acid  diathcwu. 
Gt'tatinous  food,  which  cannot  form  blood,  aud  is  deficient  in 
alkali,  and  strong  wines  which  contain  no  tartar,  greatljr  pramotn 
this  diathesis ;  light  wines,  which  contain  tartar,  vegetables  wUdl 
ore  rich  in  alkali,  exercise  in  the  open  air,  and  muderatioo  in 
Ban^xugenous  diet,  are  the  best  remedies.  On  the  Uhine,  whaic 
light  wines  arc  freely  used,  utio  acid  calculus  is  unknown  at  a 
native  disease,  but  with  drinkers  of  |>urt  and  therty,  tliis 
calculus,  as  well  as  its  ooncomilont  gout,  are  very  frequent,  A 
change  of  diet  and  mode  of  life,  on  the  principles  wc  hm 
endeavoured  to  explain,  will  alter  entirely  the  oharaefar  of  tiia 
urine,  aud  of  course  of  the  blood.  Hence  the  supreme  rakw  of 
diet  and  regimen  as  means  of  cure,  acknowledged  by  all  exp»> 
rienced  physicians.  It  is  probably  in  this  direction,  in  the 
of  the  secretions,  and  the  means  of  changing  their 
that  wo  may  hope  for  the  greatest  practical  impn> 
medicine. 

One  question  is  still  very  obscure,  namely,  how  that  porliaa  <f 

insoluble    phosphate  which   is   derived   from   the   effete 

reaches  the  intestinal  canal.     The  earthy  phosphates  are  'ntfflilMt 

in  water  and  alkaline  solutions  ;  hence  they  are  insolnbla  in  tb* 

blood.      But  yet  they  are  conveyed,  probably  in  aome  IbcB  of 

combination  soluble  in  water,  to  the  intestines.     They  an  lolsUt 

in  excess  of  phosphoric  or  carbonic  acid ;  but  the  blood  t* 

acid.     Bat  as  the  soluble  forms  of  sanguigenous  matter 

earthy  phosphates,  so   it   is   possible  that  when  such  aatlcr  is 

destroyed,   some  of  the  products  oontain  these  phosphatca  in  a 

soluble   form.      Such    products,    however,   are    still    onkBiiVL 

Morbid  ossification   probably  depends  on  the  absence  or  4ii- 

oioncy  of  such  products ;  and  moUiliet  otsium,  in  all  prebobilitr, 

is  caused  by  a  morbid  excess  of  phosphoric  acid  in  some  part 

In  chlorosis,  the  number  of  red  blood  globules  is  diminl^tej, 

and  as  these  contain  much  iron,  the  disease  is  connected  trilli  a 

defect  in  the  quantity  of  iron  in  the  food,  or  perhaps  with  a  want 

of  its  proper  solvents     This  explains  the   benefit  derivol  fron 

the  use  of  iron,  under  which  the  red  globules  rapidly  inonnuB  ia 

number  in  many  cases.     In  all  acute  febrile  diseases,  and  ia  all 

ohronio  diseaaes,  which  affect  the  digestive  or  nutritiro  poms*, 

•suusiation  ooours,   because  the  oxygen  of  the   air,  no  I«B(«r 

I  opposed,  bums  off  the  tissues  and  wastes  them.     Tliis  explaiai  lb« 

good  effect*  of  cod-liver  oil,  and  other  oily  matters,  such  an  oli?« 

oil,  butter,  and  cream,  in  many  ohronio  wasting  diaeaae*:  it  protreli 

the  tissues  till  the  disease  has  run  iU  ooorve^  if  curable,  and  tvUnis 

I  the   fatal  termination  when   the  disease  is  incurable ;   providad 

I  the  stomach  have  still  the  {lOwer  of  taking  np  the  oiL    Tkt 
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of  lalt  derangec  the  whole  vital  prooesa,  and  particularly 

iretion  of  bile,    which   requires  soda,   that  is,   oxide  of 

iom.     But  salt  certaiuly  acts  as  salt,  and  has,  for  example,  a 

'onderful  power  of  combiain<;  with  other   substances,  such   as 

and  urea,  with  both  of  which  it  forms  soluble  crystalline 

impounds.     It  is  hardly  necessary  to  mention  that,  if  alkali, 

instead  of  free   acid,   should  prevail  in  the  urine — for  healthy 

urine  is  always  acid — the  earthy  phosphates  are  thrown  down, 

and  give  rise  tx>  phosphatic  calculus. 

When  children  are  injudiciously  fed  on  diet  composed  chiefly 
of  starch,  such  as  so^^,  arrow-root,  and  the  like,  there  ocoors 
a  great  deficiency  of  blood  and  of  bone-forming  matt«r;  fat 
aocumalates,  but  the  frame  is  weak  and  riokctty,  from  small 
muscles  and  soft  bones.  Children  ought  to  have  a  full  supply  of 
sanguigenotu  food,  and  even  bread  contains  too  little  for  them ; 
milk  or  ilciih  should  be  added.  But  whether  fed  on  bread  and 
milk,  or  meat  and  bread,  there  is  apt  to  occur  a  deficiency  of 
phosphate  of  lime,  from  the  rapid  formation  of  hone.  But  as 
me^it,  eggs,  and  milk,  contain  an  excess  of  phosphoric,  that  ia 
lot  enough  of  lime  to  convert  the  whole  acid  into  phosphate  of 
ime,  P  0»,  ;J  Ca  0,  lime  is  a  good  addition  to  the  food  of  young 
ildren.  It  may  be  given  in  the  form  of  lime-water,  which  the 
asants  of  Germany  give  to  their  children  with  the  best  results, 
while  the  children,  guided  by  instinct,  greedily  take  it. 

Since  the  product*  of  the  wast*  of  tissues  are  sent  out  of  the 
body  by  the  lungs,  the  skin,  the  kidneys,  ond  the  intestines,  we 
can  see  how  the  oeourrcnee  of  an  impediment,  in  any  of  these 
quarters,  calls  into  increased  action  the  others.  Checked  perspi- 
ration causes  an  accumulation  of  effete  matter  in  the  urine,  which 
becomes  loaded  with  products  of  imiicrfeot  oxidation.  When, 
from  any  cause,  such  a  check  to  perspiration,  or  to  the  due 
aotion  of  tlie  lungs,  this  loading  of  the  urine  goes  verj'  far,  it 
begins  to  deposit  a  sediment,  even  in  the  bladder  or  kidneys.  As 
lit  pointed  out,  the  eflect  of  a  purgative  in  this  case,  is  greatly 
increase  the  action  of  the  intestines,  and  thus  to  relieve  the 
blood  and  the  urine,  the  latter  acquiring  its  natural  colour,  and 
normal  composition. 

The  use  of  tea,  coffee,  and  chocolate  has  become,  in  some  form, 
to  all  nations,  as  a  necessary  of  life.  Coffee,  tea,  and  Ouaranaond 
tarngaaj  tea,  used  for  the  same  purposes,  all  contain  oaflVine ; 
while  chocolate  or  cocoa  contains  theobromine,  a  l>ody  closely 
allied  to  caffeine.  It  would  therefore  appear,  that  oaffviuo  ha* 
deoided  action  on  the  system,  promoting,  in  some  way,  the 
;iiTol  vital  changes.  Under  caffeine,  we  have  seen  tlie  vory 
Annona  relation  existing  between  caffeine  and  its  dcrivativm, 
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and  nrio  acid  and  iU  derivatives.  Besides  this,  caffeine 
tppToaolios,  in  composition,  to  kreatine  and  glyoocine.  We  maV 
therefore  conjecture  that  it  aids  the  change  going  on  ia  "m^ 
parts ;  that  it  gives  a  sense  of  refreshment  and  new  rigour  is 
certain,  but  wc  cannot  yet  trace  its  action,  althoogh  it  may  TflT 
possibly  promote  the  secretion  of  bile.  One  tiling  is  («markable, 
that  no  [)eople,  after  once  learning  to  use  tea  or  coffee,  ever  gire* 
it  up  ;  and  that  the  chief  effects  of  tea,  coffee,  and  chooolat«  aw 
the  same,  and  that  tea  and  coffee  contain  the  same  baa«,  and 
ehocolate  an  allied  one.     They  are  also  rich  in  mineral  salt*. 

On  all  of  the  subjects  which  have  been  here  so  briefly  tondbcd 
upon  in  connection  with  the  growth  and  nutrition  of  plaala  mnd 
animals,  much  more  might  be  said,  whether  in  r«f«T«aee  ts 
physiology,  to  agriculture,  or  to  medicine.  But  this  wonld  be 
out  of  place  in  an  elementary  work,  and  the  reader  who  wi^M 
for  more  detailed  information  will  find  it  in  the  works  of  Liefa^, 
especially  in  the  last  editions  of  his  "  Agricultural  Chemistry," 
and  of  his  "  Letters  on  Chemistry,"  and  in  a  condensed  form,  is 
a  small  work  which  he  has  lately  published,  under  the  titl«  of 
"Principles  of  Agricultural  Chemistry."  These  works  are  rich  is 
•agocious  and  comprehensive  views  on  the  most  inteiMtiaf 
questions.  But  the  reader  must  remember,  that  all  such  rkwi, 
U  well  as  those  indicated  in  the  present  work,  are  mil  to  b« 
regarded  as  ascertained  truth,  but  are  only  the  best  oonclnsiou 
we  can  draw,  in  the  present  state  of  our  knowledge,  from  tk« 
best-ascertnined  facia  in  our  possession.  They  murt  infalliblr  ba 
modified,  and  in  some  oases  perhaps  refuted,  by  incnwhif 
knowledge ;  but  in  that  ease  they  will  bo  replaced  by  oUmr 
corresponding  to  the  state  of  knowledge  at  the  tinu>. 
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SUPPLEMENT. 


rAtXIlia   KilTTER   WHICH   OOOLD   NOT   IB  tXTKODOCSO   III   m   ritOPKR 
PLICB   nr   TBB  TKXT. 


r.   A   ITKW  CLASS   OP  ALCOHOLS. 

Wb  have  already  described  aoroleine,  or  the  hydratcd  oxide  of 
acryle,  C«  114  Oi,  aud  acrylic  acid,  Ca  II<  O4.  As  these  com- 
pounds have  to  each  other  the  same  relations  as  aldehyde  has  to 
I  acetic  acid,  it  was  natural  to  look  for  the  alcohol  of  the  series. 

Will  had  shown  that  oil  of  mustard  is  the  sulphooyanide  of  the 

jicnl  nllyle,  Co  lla,  which  is  isomeric,  but  not  identical  with 

opionylo. 

fierthelot  and  De  Luoa,  by  studying  the  action  of  iodide  of 
■boiiphorus  on  glycerine  (the  substance  which  yields  acroleine), 
jlbtaincd  the  compound  Co  Hs  I,  wliich  they  called  iodised  pro- 
ylene.  And  they  further  proved  that  when  this  iodide  is  acted 
Dn  by  sulphocyanide  of  potassium,  there  are  formed  iodide  of 
'potassium  and  oil  of  mustard,  or  sulphocyanide  of  allyle.  OU  of 
mustard  had  already  been  artificially  produced  from  oil  of  garlic, 
which  is  thesulphuret  of  allyle,  but  the  recent  experiments  confirm 
Will's  view  by  forming  oil  of  mustard  by  means  of  a  diflerent 
compound.  It  is  now  evident  that  the  radical  in  the  iodised 
propylene  of  Berthelot  and  De  Luca  is  identical  with  the  allyle  of 
Will  and  Wertheim. 

Hofmaon  and  Cahonrs  have  now  succeeded  in  obtaining  not  only 
the  alcohol  of  this  series,  but  many  other  compounds,  and  have 
shown  that  there  exists  a  a<.'ries  of  alcohols,  of  which  we  are  about 
to  dosoribe  one,  running  parallel  to  the  two  aeries  of  alcohols 
already  known,  the  raethylic  and  the  benzoic  series.  They  have 
named  the  radical  of  the  new  alcohol  acryle,  which  is  somewhat 
Unfortunate,  as  that  name  woa  already  given  to  the  derived  radioal 

'  acrulvine  and  acrylic  acid,  corre8|>ondLug  to  acetylc.     It  is  not 

sy  to  Bi'e  why  they  did  not  adopt  the  name  allyle,  already  giTen 
to  the  same  radical  in  oil  of  mustard  and  oil  of  garlic. 

Wheu  iodide  of  allyle  (for,  to  avoid  confusing  the  reader,  we 
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shall  retain  the  old  name)  is  acted  on  by  oxalate  of  nlrer,  «e 
obtain  iodide  of  silver  and  oxalate  of  allylo,  Ci«  Hio  0«  :=  C«Oit, 
2  (Ca  H»  0).  This,  acted  on  by  ammonia,  yields  ozamide  lad 
aUylio  alcohol,  exactly  as  oxalate  of  ethyle  yields  oxamide  and 
ethylio  aloohol. 

Allylio  (or  acrylic)  aloohol,  C<  H«  0«  =  Co  H»0,  H  O,  ia  iaomerie 

rwith  acetone  and  with  propylaldehyde,  but  is  quite  distinct  from 

lieso  two  substances.     It  burns  with  a  luminous  flame,  and  mixM 

1  water  in  nil  proportions.     It  has  a  peculiar  pungoat  odour, 

embling  that  of  mustard,  and  this  odour  oharacteriMa,  monor 

less,  all  the  compounds  of  this  series.  liMien  acted  on  by  potaaniiD, 

liydrogen  is  given  off,  and  a  transparent  gelatinous  mass  is  fonncd, 

.  oorresponding  to  the  snbstanoe  formed  when  potassium  acts  on 

'  tloohol.     The  latter  contains    potasfdum,    ethyle,   and  oxygMb 

The  new  body  contains  potassium,  allyle,  and  oxygen. 

tliis  ia  acted  on  by  iodide  of  allyle,  iodide  of  potassium  is  fa 

and  oxide  of  allyle,  or  allylic  ether,  is  separated,  as  a  liqaid  lighter 

than  water,  and  insoluble  in  it.     The  action  is  as  follows: 


0.  B: 


Hj  ro 
K    to 


+  c.  n=  I  =  K I  + 


n.  Hi\o 
c.  n>/o 


By  distilling  allylic  aloohol  with  chloride,  bromide  or  io 
I  phosphorus,  the  chloride,  bromide,  and  iodide  of  allyle  art  < 
obtained.     With  |>otash  and  bisulphuret  of  carbon  allyl 
I  yields  a  splendid  yellow  salt,  corresponding  to  the  xant] 
potassium. 

With  sulphuric  acid,  allylic  aloohol  forms  an  ooid  corrMponding 
to  sulphuric  acid.    The  new  aoid  forms  a  soluble  salt  with  baryta 


C«  H 


18  0. 

;. ;  s  0. 


The  carbonate,  acetate,  benzoate,  oxalate,  oxamate,  and  eyuMit 
of  oxide  uf  allyle  have  all  been  formed  and  analysed. 

The  cyanato  of  allyle,  with  ammonia,  yields  fine  crrstala^ 
ollylnrea.  ^~ 


C.  H.  Ni  0.=  C.  ^'  g.  }n.  0.. 


If  we  suppose  the  2  eq.  of  oxygon  in  tliis  were  to  be  tfplactd  br 
sulphur,  we  have  thiodnnaraine,  already  detcribed  undio-  oil  of 
mustard,  the  formula  of  which  it 
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Aailinc  forms  with  cyanateof  allyle  a  corresponding  compound, 
analogous  to  ollylurea,  which  crystallises  beautifully. 

With  wat«r,  cyanate  of  allyle  yields  diallylurea,  Ci*  Hu  Ni  Oi  = 

Ci  „  /p*  TT  .  >  Ni  Oi ,  which  has   been    already    mentioned    aa 

sinapoline,  and  represented  as  diallylic  urea. 

When  cyanate  of  allyle  is  heated  with  potash,  sinapoline  rises 
to  the  surface,  and  an  alkaline  liquid  distils  over,  which  is  a 
mixture  of  volatile  bases.  Among  tliese  have  been  already 
detected  Methylamine,  Propylamine,  and  Allylarnine,  or  Aoryla- 

mine,  C«  Hi  N  =  N  j,^Jj^  I  .    This  new  base  boils  between  180° 

and  190'^ ;  but  it  has  not  yet  been  found  possible  to  obtain  its 
platinum  salt  crystallised. 

These  results  prove  incontestably  the  existence  of  a  new  series 
of  alcohols,  running  parallel  to  that  of  the  methylic  and  elhylio 
alcohols,  and  of  a  number  of  other  scries  connected  with  this  one, 
and  porullel  to  the  corresponding  aeries  connected  with  alcohol  and 
aoetio  acid,  so  often  referred  to.  The  following  table  contains  the 
fonnnla)  of  the  compounds  of  the  allylio  or  acrylic  series  hitherto 
obtained,  along  with  those  of  the  ethylio  series. 


AOylie  or  Aci7lio  8«risi. 

Ca    Ha    0> 

C.   Hi   0,  or  1 

Cm  Hio  0.       J       •     • 

C.  H>   CI 

C  H>  Br     . 

C.   B.   I   . 

€.   B.   S,  or\ 

Ou  Hu,  St 


.  Alcohol 

Oxide  or  Ether 

.  Chloride 
.     .  Bromide   , 
.   Iodide   . 
Sulphide. 


XthjUoSariM. 
C<    Ha   Oi 
Ha    0,  or 
HioOa 

u.  a 

H>   Br 
C  Ha  I 

Ha  S,  or 

HinSa 


re. 
ic. 

.C. 
.C. 


lOUofOnrUc   Sulphide  of  ethyleiCa 

0.  H..  C.  N  8.  {oy^f  jj^^^"*l'g''^'J^^";;^y^^^^^^  CN3. 

Oa  (E,  Ca  HO  S>  Oi  .  Xaolbate  of  potwuiam    .  Oi  (K.  C  Ha )  8.  Oa 
OaHaO,  CiNO  .  Cy&iuta         .        .  Ca  Ha  0,  C>  NO 

C(H.,C.H.)N,0.{^„,,i„     ^^    ^y.^,ij0a(n.,0.Ha)N.O. 


Ca  (Ha.C.  H.)N.  S. 

Sulpbaretted  Urea.     Tbiunnoamine.      t 

Oa(Ha2C.  H.)K>0, 

{Di«%l.''"Vu.,l.}^<"-=C-«'>''-0 

Oa  (Cs  H>)g  Oa 

.    OuUte            .           .  0.   (Ca  Ha}a  Oa 

C.  H.  (C  H.)N0. 

.     .  Oxamute   .        .    .  C.  Ha  (C.  U.)  NO. 

C*  Hi  0,  00a    . 

.  Carbonate      .         .  C  H»  0,  C  Oa 

Ca  Ha,  0,  C.  Ha  0, 

.     .  AceUU               .     .  Ca  Ha  0,  C<  Ha  0* 

C*  Ha  0,  Cu  Ha  Oa  . 

.  Beniinikte        .         .  C.  Ha  0,  Ci.  Hi  Oa 

0*  Ba  0,  U  0,  3  8  Oa 

.     .  Sulpha  acid        .     .  C.  Ha  0,  HO,  2S0a 

Jr  Ht,  C*  Hs    .       . 

.  Amide  bww    .        .  N  Ba,  0.  Ba 

IM 
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F  or  AoTiU  EniM. 
'  0>  H.  0>     . 


r  AUdkTde. 

\  kajSe,  AadjBc 


U  S.  0. 

an* 


|c  mo. 

{aojB".  AiJrtie}'^  **•  * 

f  HjdnieuisB.  1  _    „ 

IPixjpyltae.      MkiKbm/**"* 

It  will  be  Be«n  that  the  analogy  is  perfect.    Tb«  alddiTde  of  lbs 

■  aev  ieriea  is  acroleine,  or  the  b  jdratad  oxide  of  the  nodical  C«  Hi , 

I  already  ksowu  by  the  name  of  acrjle,  andooricspoiuiing  to  aMiylK 

C*  Bs.    Any  lie  acid,  also  long  known,  ia  tlie  hydrated  toxtxid* 

of  the  radical  Ca  H> . 

Now  we  hare  already  aeen  that  aorylie  add  is  one  of  the  hoiao- 

logoiis  aeries  (see  pp.  293  tt  teq.),  of  which  we  have  named  tis 

members,  oamtrly,  acrylic  acid,  the  third :  aLgelic  acid,  the  fifth : 

moringio  acid,  the  lifte«sth  ;  oleio  acid,  the  eighteenth  ;  dic^ials 

I  acid,  the  binetfci'th  ;  and  erucic  acid,  the  tn  i  ntj  wiOiiitil  is  thi 

Jatries.     We  cannot  now  doubt  that,  like  aoryba  aad,  Mah  «( 

Ithtae,  as  vctU  as  each  of  the  unknown  members  of  Um  aetirs,  wiQ 

''be  found  to  have  a  oorreeponding  alcuhoL     These  »1ifJ>if}-  «lMa 

ezJstenoe  implies,  in  each  case,  that  of  oompounds  oocNSMttdiM 

to  tluwe  in  the  table  just  given  and  many  others,  do  not  apfMsr  to 

occur  in  nature ;  but  it  seems  likely  that  they  may  be 

fivm  bodies  like  the  iodide  of  allylo,  C«  IIi  I,  as  the  ally  lie  i 

[ku  been  from  that  compound.     Indeed,  Hofinann  and  < 

llure  already  found  that  bromide  of  valeryle,  Cio  li*  Er, 

Igoes  changes  similar  to  those  seen  in  the  iodide  of  allyle;  aad| 

that  some  of  the  oompounds  from  olefiant  gas,  probably 

bromide    of    acctyle,   C*  IIi  I,    or    C4  Hj  Dr,    appear    te 

analogous  results. 

We  may  here  subjoin  a  short  table,  showing  the  relatioas  «f  tk* 
'  tww  alouhuls  aud  their  derived  scida  to  the  old  aleoiwli  aad  tMr 
derived  acids : — 


■ 

Omkii  ct  JUcnbola,                                                GRa|t  of  aciiU.                       1 

1 :  «• 

•■                           OM                                '      x««.                            (ML       '    1 

Bk  B.  0. 

Ct  H.  Ot  MvtiijrUe  C>  O.        OuhmkJ  Ci  n>  U.  Pecalal 

■t.  H.  0. 

C   II.   0.  BtbjUe    C   H.   0.                   C.   B.   O.  jMttM 

C  II.  0> 

AUjrlvc  C   U.  0.  Vnyflie  C   U.  0.  AetyUe      Oi   lU  V>.  ftefgd 

c.  u.  0, 

C.   H.O  U,  Batrlw    C   Ut   0.                   C   ll<   O.  BatyiwV 

■Bw  U.»  0. 

C«  Hi,  (>•  Aniylifl    Co  B.   0.  A«gtlie      C«  H»  0.  Vata* 

■kiBuQ. 

Oil  III.  O1  nei;lie    Cit  Bw  0.                   Ct«  B»  O.  Ch|eA 

BuHi.O. 

C  til.  0.  Br|Hflie  Cu  Hi.  0.                   0>.  Ui.  O.  Tirttjl- 

Jh-o. 

Ci«  11,.  o>  OctvUr    c,  a.,  n,             Ci*  b>.  o.  <VBta_ 

^Lii»oi 

«...               ,^H 

C«  U«  0>                 CU  Bm  0.  Oleic         Um  Ua  0*  flMriltV 

JKW   CLASS   OP   ACIDS. 

There  are  ma.ny  blanks  in  thia  small  extract,  aa  it  were,  from 
the  entire  table.     But  these  will  rapidly  be  filled  up. 

n.    A   NBW  CLASS  OP  ACIBB. 

The  reader  will  remember,  that  we  have  described  (pp.  288-293) 
a  series  of  bibosio  aeida,  running  parallel  to  the  monobasic  volatile 
acids  of  the  formylio  scries.  He  will  also  reoolleot,  that  in  the 
benzoic  group  there  is  a  series  of  monobasic  vulutile  acids,  of 
which  benzoic  ncid  is  the  type,  and  which,  like  the  acids  of  the 
funujlic  ticries,  contain,  in  the  hydratcd  state,  4  eqs.  of  oxygen. 

Now,  Hofmann  has  found  that  cuminic  acid,  one  of  the  acids  of 
the  benzoic  series,  the  formula  of  which  is  C<o  Uu  Ot,  when 
boiled  with  chromic  acid,  is  converted  into  a  new  acid,  which 
he  calls 

Intolinie  Acid,  Cis  Ha  0»  =  Cia  Hs  On ,  2  II  O.     Thia  acid  i« 

nsolublc  in  alcohol  and  ether,  and  it  bears  to  one  of  the  acids  of 

rthe  betixoic  series  a  relation  similar  to  that  which  exists  between 

oxalic  acid  and  formic  ucid.     I-'or  insolinic  acid  is  biliasic,  like 

oxalic  acid,  and  it  will  be  seen,  by  the  following  table,  that  it 

OODtains  2  cqs.  of  carbonic  acid   more   than   the  corresponding 

monobasic  acid,  just  as  oxalic  acid  is  formic  acid  plus  2  cqs.  of 

Icarbonio  acid.     The  series  of  the  monobasic  uromutio   acids  is 

itself  very  imperfect,  and  of  the  corresjionding  bibasic  acids  two 

only  are  known,  namely,  insolinic  acid,  and  phtalio  acid,  the  latter 

'  liaving  been  recognised  as  a  member  of  this  scries,  in  oonse<^ueaoe 

of  the  discovery  of  insolinic  acid. 


KonobHie  AromalJo  AcliU. 
Cu  U,    Ot  BeiM'>ic 
C*  U.    0.  Tolujhc 
Cu  U>o  Ot         I 
Cao  Hit  Ot  Camiaie 


Btbuio  Aeida. 
C»  Ho    0>  Phtalie 
Cit  U>    Oi  Insuliuio 
Cm  U>o  Ot  t 

Oil  Hii  Oi         I 


Thus  we  see,  that  in  another  quarter  a  new  lioraolognus  series 

of  acids  has  been  detected.     We  have  now  the  formylio  scries  of 

acids,  the  oxalic  series  of  bibosio  acids,  tho  acrylic  series  mono* 

k  basic,  thu  benzoic  series  monobasic,  and  the  phtalio  SL-iies  bibaaio, 

jit  will  bo  observed,   that  while   tho   two   munobaaio  series,   tho 

[formylio  and  benzoic,  have  each   a  parallel   bibosio   series,   the 

1  monobasic  acrylic  series  has,  as  yet,  no  such  bibosio  series  parallel 

I  to  it.     liut  if  to  acrylic  acid,  C<  lit  O4,  we  add  2  C  Oi,  which  is 

I  tho  diOvrcncu  between  formic  and  oxalic  acids,   we  obtain   the 

'  formula  C»  Hi  On ,  which  is  that  of  mak-ic  and  fumario  acids,  well- 

known  bibosio  acids,  Cs  Hi  U«,  2  U  0,     The  next  acid  in  thia 
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series  will  be  CioHi  Oa  =  Cio  H>  0.,  2  H  0  ;  and  thi»  U  the 
formula  of  iUconia  and  oitraconio  aoida,  both  bibasio.  I  think 
it  very  probable,  therefore,  that  tome  of  the  acids  juat  named  will 
prove  to  belong  to  a  bibasio  scries,  parallel  to  tite  acrj-lio  teriea, 
aud  ditteriog  from  it  bj  2  eqs.  of  carbonic  acid.  And  thiu  w«  MC 
how  every  disoovery  in  organic  chemistry  tends  to  redoM  all 
known  compounds  to  homologous  series.  The  homology  of  malcie 
uud  fumorio  acids,  with  itaoonic  and  citraconio  acida,  has  not, 
till  now,  attracted  notice,  but  the  discovery  of  insolinic  •old  baa 
not  only  found  a  place  for  phtalic  acid,  but  euabled  us  to  peroei?* 
that  the  Vegetable  acids  just  named  may  also  have  tJieir  |>laoe  in 
u  series  not  remotely  connected  with  that  of  alcohol,  or  rather  with 
that  of  aorylio  alcohol,  and  with  that  of  the  glyoeridM. 


( 


in.    KBW   PHOSFHORISED   UASKS. 

Thenard,  as  already  mentioned,  has  ahown  that  methyle 

replace  the  hydrogeu  in  phosphuretted  hydrogen,  1'  II>,  and  Uun 

give  rise  to  new  bases. 

Hofmann  and  Cabours  have  recently,  by  adopting  a  new  !"""^j 

atly  extended  our  knowledge  of  tiiese.     The  proc«a  eoiuiatoia 

I  (he  action  of  terchloride  of  phosphorus  on  zincomethyle,  naoMkylih 

jsincamyle,  &o.,  when  chloride  of  zino  is  formed,  along  with  tlia 

I  1>aae. 

The  bases  thus  obtained  are  volatile,  and  oorre8i>oQd  to  anininBia, 

in  which  t)ie  nitrogen  is  replaced  by  phosphorus,  the  hrdroj^en  by 

metliyle,  &o.  The  compounds  P  Met ,  analogous  to  kakodylr,  A>M», 

and  P  ilea ,  aualogous  to  ammonia,  were  obtained  by  Thenard. 

Hofmann  and  Cahours  have  not  only  obtained  the  oompoia^ 

,  P  Act  and  P  Ayli ,  but  by  the  action  of  the  iodides  of  tuctbyle, 

Icthyle,  and  amyle  oa  these,  have  formed  a  number  of  ammMnluia 

'bases,  analogous  to  tetramethylium.     These  la^t  ai«  obtained  a< 

iodides,  from  which,  by  the  action  of  oxide  of  silver,  ttie  hydrat«d 

oxides  are  obtained,  which   in  properties  are  analogous  to  liuf- 

mann's  hydrated  oxides  of  tetrumcthylium  and  tetn.'thylium,  Slc 

The  following  table  contains  the  formulie  of  the  radio&la,  Uuiw^or 

iodides  of  radicals,  which  they  have  oblaiuud. 


PMn* 

PMei 
PMe.  I 
pUe> 

TAr,  I 
pA«  1 


■tl' 


>ll*=cC.  Ba 


tAveOtl 
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B  Aoj 
^Ayl 
PAyUJ 
P  Ayl.  I 


I 


t  Ayl  =  CioH  It 


The  iodides  in  this  table,  noted  on  by  the  oxide  of  silver,  yield 
the  hydrated  oxides  of  the  several  ammonium  radicals,  and  from 
these  the  other  salts  are  obtained.  At  present  we  have  only  the 
general  results.     The  details  will  soon  be  published. 

It  appears,  as  might  be  anticipated  from  the  existence  of 
kakodyle  and  arsenethyle,  that  orsenio  yields  a  series  of  similar 
compounds,  and  doubtless  the  other  metals  which  have  been 
ahown  to  combine  with  radicals  of  the  ethylio  series  will 
be  found  to  yield  compounds,  analogous  to  some,  if  not  all  the 
above. 

IT.   TIUOESIC  ACID. 

This  acid  is  formed,  along  with  other  substances,  when  the 
^BTapour  of  hydrated  cyanic  acid  is  brought  in  contact  with 
^^nJdehyde.  It  is  lirst  obtained  mixed  with  cyameUde  and  olde- 
^^Biydammonia,  but  the  whole  mass  is  dissolved  in  hydroohloric  acid 
^Bof  moderate  strength,  and  boiled  as  long  as  aldehyde  is  given 
^^  off.  On  cooling,  tiigenic  acid  is  deposited  in  small  prisms, 
sparingly  soluble  in  watc-r,  nearly  insoluble  in  alcohol.  Its 
formula  is  C«  II7  Ns  0«  ^  Cg  Un  N9  O3 ,  HO,  and  it  is  monobasic. 
The  silver  salt  is  somewhat  soluble  in  hot  water,  and  is  deposited 
on  cooling  in  very  minute  crystalline  spherical  concretions,  which 
become  violet  in  the  light.  Leaving  out  of  view  the  otlicr 
products,  which  are  secondary,  the  formation  of  the  acid  is 
plained  as  follows  : — 

C»  H.  0.  +  8  (0.  W  0.  H  0)  =  C  H.  Ni  0.  +  4  CO 

Aldeli/de  Cyaulc  Acid  THgoulo  Add. 

I  acid  contains  the  elements  of  anhydrous  cyanic  acid  and  of 
lehydammonia. 

f!.  n    w   ft  — Oi  NOIN    n,  0 


T.  scsoBjc  Acm. 

According  to  Favre,  this  acid  exist*  in  combination  with  potath 
and  soda  in  the  sweat.    It  is  not  yet  known  in  a  state  of  perfcot 
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purity,  but  its  oonoontrated  solation  does  not  oiyatalliw,  and, 
wlien  heated,  ^ives  off  ammonia.  Favrc  analysed  a.  mixture  of 
eudorate  of  silver  with  chloride  of  silver,  and  obtaiu«Ml  rosults 
from  which,  after  deductiug  the  cliloride,  he  calculated  fur  tit* 

•udorate  of  silver  the  formula  Cio  . '   |  N  Oit  ;   so  that  the  acid 

will  be  Cio  U.  NOi.  =  Cio  H»  NOu,  HO.  If  this  bo  coa- 
firmed,  it  is  interesting  as  indicating  some  relation  bi'twecn 
sndoric  acid  and  uric  acid,  as  well  as  zanthio  oxido  and  : 
acid,  all  of  which  contain  10  eq.  of  carbon. 

The  salts  of  this  acid  with  baaes  are  all  very  soluble,  bat  do  j 
crystallise.  This  oircumstanoe  makes  their  purity  somewhat 
doubtful.  These  salts  are  also  soluble  in  absolute  alcohol,  exoi^ 
the  silver  salt. 


n.    THTXISE. 

This  name  has  been  given  by  Qorup  Beaaoes  to  a  new  I 

found  by  him  in  the  thymus  gknd  of  the  calf.  This  ia  tit 
by  0")d  water,  after  removing  as  much  fat  as  possible,  and  ; 
a  reddish,  very  acid,  liquid,  which  when  evaporated  drpoaita  a  ' 
brown  ooagulum.  The  supernatant  liquid  is  quite  limpid  ;  barrla 
precipitates  from  it  the  phosphoric  acid.  The  filtered  Hqibd, 
when  evaporated,  forms  caseous  pellicles,  consisting  of  oarbonat* 
of  baryta  and  organic  matter,  and  leaves  a  brown  syrupy  liquid, 
witli  an  odour  of  soup.  The  addition  of  alcohol  or  eticx  oaatei 
slowly  a  depodt  of  impure  thymine ;  which  is  purified  by  solution 
in  boiling  alcohol,  and  is  deposited  on  cooling,  as  a  shining  | 
formed  of  minute  crystals.  25  lbs.  of  the  thymus  gland 
by  this  process  only  3  or  4  grains  of  thymine. 

It  has  neither  taste  nor  smell :  is  very  sojiible  in  water,  lolBUa  I 
in  hot  alcohol,  insoluble  in  cold  alcohol,  in  absolute  aloobal,  or  iaj 
ether.    Hiaf^d  in  a  tube,  it  melts,  yielding  a  orystalliuo  aubiia 
and  alkaline  vu|»urs  with  a  smell  like  that  of  hydrooj-anio  I 

Its  salts  are  crystallisablc.     The  hydr>>ohliirat«  and  fulphaU 

both  cfU  irrsd-nt :  the  rhloroplatiuate  forms  octohedra,  anlttUe  I 
water,  insoluble  in  alcohol. 
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AbsihTBIHE  ....  853 
Absolute  alcohol  .        .    .  206 

Acetal 231 

Aeetemide 239 

Acetates 285 

products  of  decomposition  of  249 
Acetic  acid       .        .        .10,  2.H5 

Aoetinea 8U6 

Aoetochlorhydrine  .        .        .  807 

Acetone 249 

Acetouitryle    .        .        .        .177 

Aoetylammonium        .        .    .  240 

„         hydntod  oxide  of    t'i. 

Aoetyle 228 

hydrated  oxido  of        .        .  229 

byduretof        .        .        .    .  247 

ozTcUoride  of      .        .  242,  246 

ozyebloroaulpharet  of     .     .  243 

ozysulphuret  of   .        .        .    ib. 

percbloride  of .        .        .     .  246 

Acetylic  acid,  «ee  Acetic  acid  . 

Acetyloua  acid         .        .        .232 

Add,  Aceric        .        ■        .    .  337 

Acetic,  acetous,  or  acetylio  .    1*>, 

235,  646,  677 

.,       anhydrous    .        .     .  234 

Acbilleio       .        .  .837 

Acoiiitic  or  eqniRCtio        .     .312 

Acrylic  .        .        .  2U2 

Adi[iic '.^90 

Aldehydii  ....  2i2 
Aliturio  .        .        .    .  123 

Allopbanio  .        .   181,  220 

Alloxtnic  .  .  .  .  11.0 
AUoxitno-iiulpburoiis  .  .119 
Aloeretioie  and  aloetic  .  379 

Altbionic         .        .        .    .  227 


10,  285, 
10,  286, 
10,  277 


Acid,  Amalio   . 
Ambreio  . 
Ampelic 
Amygdalinic 
Auacardic     . 
Angolic    . 
Anilic,  nitrosalicylic, 

gotio 
Anisio 
Antbranilic 
Apocrenic 
Apophyllio 
Arachidio 
Aapartic  or  malamidio 
Atropic    . 
Bolenio 
Beheuic    . 
Benic   . 
B«Dzoglycolic 
Benzoic  ,         . 

Beuzolactic 
Bibromisatinio 
Bicblorisatioio 
Biethylomcconio  . 
Bobeio 
Boletio 
Bi-aasic 
Bromisatinic 
Bromobenzoic . 
Brumocomeiiio 
Bromosalicylic 
BruDolio 

Butyric    .  10.  258, 
CaSeic,  Coifeotauuic 
Caiiicio     . 
Camphamic 
Campbolio 


448, 


rjtOK 

.  433 
.    .  801 

.  491 
.    .  152 

.  337 

.    .  293 

indi- 

160.  874 

.    .  164 

.  375 
.    .  461 

.  424 
.    .  285 

.  822 
.  .  387 
646,  678 
646,  678 
646,  578 
.     •  137 

.  129 
.     .  137 

.  369 
.    .  868 

.  881 

.  328 
.  .  887 
.    .  296 

.  369 
.    .  138 

.  831 
.    .  160 

.  476 
516,  677 

.  328 
.    .  337 

.  836 
.    .  335 


^^ 

^^^^^1 

^^604 
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^B 

fjtai 

rtin 

^H       Acid,  Omphorio 

.  334 

Acid,  Cumaric                       .    . 

84»       , 

^^m          Cainpbovinio 

.     .     ib. 

Cuminic        .        .        .  131, 

^Hm 

^H           Capric  or  rutvlic 

.    10. 

Cyameluric       .         .         .     . 

iot  ■ 

■ 

646,  577 

Cyanic . 

^i^ 

^H           CAproio  .           10,  2U3, 

648,  677 

Cynnilic    . 

1*7 

^H          CAprylio             10,  273, 

546,  677 

Cyanoxalic 

117 

^^M          Carbaxotlc,   Picrio,  or  nitro-         | 

Cyanorio 

«1 

^^f               phontaic 

.    .  374 

Dumalurio 

53} 

^^1           Carbolic               .170, 

180,  473 

Damolio   . 

0^ 

^^B           Carminic 

.     .  378 

Dialuric 

121 

^^^^B    Carmiirellic 

.  8:i7 

Dilituric  . 

m 

^^^^^m    Cervbrio 

.    .  620 

Dioitranisic  . 

iM 

^^^V    Cerotio               10,  886, 

646.  678 

Di>iil|iboiiuphtalu 

4««  J 

^^V           CNstTlic  or  palmitic  . 

.    .    10, 

DuBKlulia 

2yfg 

^m 

546,  578 

UraooDic  or  aniaic 

i«sB 

^^M           Clielidonic 

.  837 

Eloidio          ... 

:-H  ■ 

^H            Chinic  or  kinic 

.     .  332 

ElUgio     . 

...:  ■ 

^H            Cliinovio 

.  337 

E<{tiiiietic  or  acooitic 

'  -1 

^H            ChlophUlisio    . 

.     .  48S 

Erylhric  . 

:■:,■■' 

^H            Cblorac«tio 

.  245 

Erucio           .         .         .         . 

ii'i  J 

^H            Chloraoaphtiaiu 

.     .  488 

Etbalio  or  palmitic  .         .     . 

ii>.M 

^H            Chloranilic 

.  872 

S7?.  M6. 

STsfl 

^H            Chloriaatinic    . 

•     .  368 

Etbionic 

mm 

^H            Chlorocomenic 

.  831 

Ktbylocomenic 

saifl 

^^M            Cbloromceic 

.     .  475 

EthylomeooQic 
Kucbruuio 

«M^ 

^^M             CbloropbuDesic 

.  474 

M 

^^H             Cbloropbeniiiic 

375,  474 

Evernic 

MO 

^^B             CblorophcDusic 

.  474 

Eugtfuic    . 

3M 

^H            Cliloromlicj'lic 

.     .  160 

Ferridcyanio 

»4 

^H             CbloroxooapbtAleaio 

.  4S9 

Fsrrooyaoic               .        .    . 

9« 

^H             Cbolalic 

.    .  616 

Formic         .        .10,  !»«, 

S4< 

^H            Cboleio 

.     ib. 

Formobwiaoilic 

ISi^ 

^H            Cbolesterio 

.    .  518 

Fuloiiiilo 

T^'^l 

^H             Cbolic 

.  514 

Fulminurio 

^^1 

^^B             Choliiiilauic 

.  610 

Fumarie  or  pararaalaic 

i.»a^H 

^^1              Cboloidic 

.  615 

Kungic     .        .        .        - 

Mi^l 

^^1              Cbulonic 

.     .  516 

Qullic   . 

,fl^H 

^^m              Cbrynmmic 

.  879 

Otfic 

^^^H 

^H              Cbryunilic 

.     .  875 

Olude  . 

*^^l 

^H              C)>rj«olepio 

.  380 

Otycolio  . 

^^H 

^^L              CbrjBopbauic  . 

.    .  850 

Ouaiaoio 

iv^^ 

^^B              CinDWiiic 

.  1S6 

licmipinio 

M 

^H             Citraooiiio 
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HacoDauiidio 

.  331 

lleoouio 

,                , 

.     .  829 

Meeouoothylomoconic  . 

.  331 

Malonic 

, 

.     .  157 

JbUouric 

,                , 

.  106 

■p^  • 

, 

.    .  489 

ff^         • 

10,287 

646,  678 
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149 

Boiling  of  meat  and  vegetables  d«7          ^| 
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Ipecacuauba,  conlaini  emetine  4S8 
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Kidneys,  function  of 
Kinic  acid  aud  kiuatea 

KtQone ib, 

Kinovic,  or  ChiTonie  aoid    829,  837 
Kreatine,  preparation  of      .    .  626 
proportion   of,    in    different 

kinds  of  flesh  .         .  627 

products  of    its  decomposi- 
tion      .        .  407,  &S8 
Krcatiuine        ....  407 
is  found  in  urine      .        .    ,  6S8 
Kyanols,  or  Aniline  180,  864,  8T6, 

889 
Lao,  resins  of  .  .        .  849 

Lactaniide,  isomerlo  with 
alanine,  sarcoslDe  and 
urctbaiio  .     136,  281,  451 


dlb 


618                                      INDEX.                                                1 

PAQK                                                               rua    H 

Lactatea **9 

Lnteolino                                       »\    ■ 
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ih. 

Mouldering,  or  deca 

y  of  wood .  460          ^H 

^^B  hydrutcd  oxide  of    . 
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ih. 

Must  of  wine   . 

.         .         .  (08    ^^B 

^^H                nitrate  of 

179 

Mustard,  oil  of      . 

255,408   ^^1 

^^B                oxalate  of     . 

.A. 
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^^^^^■kbt^ylauiiao               ,     , 

262 

Myrosine 

344           ■ 

^^^^^^■^Uouidium 

417 

Myroxyline 

■ 
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1               Narootinio  acid                            .  424 

OCTTLaMIXB                                             Sn    ■ 
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cinnamon                         .  108,  141 

Nitrogen,   compounda   of,    not 

olovoi                                   336,541 
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^m         Nitropbenitio  or  picric  acid     874, 

apiraa  .                             IMi,  Ml  ■ 

■                                                                  474 

tar   .        .                          4«S,  (71  ■ 

^1        Nitrophtalic  acid                       .489 
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nitr<Mnacidaa9M,IM 

H                                                     100, 874 

tMnaou                  •  IM  _ 

'              Kitrometaatyro1«                        .  839 
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caproyle,  hydrated 

.  268            ■ 

^^Kunifie 423 
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279.  808    ^^1 

tmtaof 02 
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■  S80           ■ 

Oumidf 64 

Pkncreatic     juices      vuppoeed                   ^| 

function  of  . 

.    .  630           H 

OsanilUle 893 

Panification 

.  6U9            ■ 

Oxidation  of  the  compounds  of 
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Piberylbennmide     .         .         .  4tt 

^H         Pcruvine  .....     ii. 

Pipcrylosulpbocarbuuic  eriit    ,     A 

^M         Petroleum 493 

Piperylorc*                                     li  M 
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„     ethylio  seriea      . 

22, 173 
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SoDguinarino    .  .        .430 

Huitalioe :<.^>] 
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Semioaphtalidiue  .     .  40S 

SeneKuine         ....  35S 

Seroline 538 
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Siiiapulioe    .  344,  4(>.i 
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Stymeine 
Styrvle 
Slyrorie   . 
Styryle 

oxide  of 

ciuoatuiite  of 
Rnhfnunido 


Sabooetate  of  l«ad    . 
u  copper 

Substitution,  doolrine  o( 
Suocinamida         . 
Sucuinaniio  acid 
SactnnsUs  . 

'^ V'-  M-id       . 
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ISadorio  aoid 
Suet 
Sugar 
oane 


with  baas^  tc 
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rxOK 
I  of  nitric  acid  oo  440 

■  grape 437 

with  acid*,  bftsea,  &o.    .  439 
diabetic  .437 

of  milk 441 

muibroom    ....  443 
unciystallimble  .     .  443 

fenneiitatioD  of     .  38,  444 

butyric  fermentation  of  .  .  448 
,  lootic  rermenuition  of  .  .  446 
I  fermentatioa  of  .  .  447 
>  fermenutiou,  »S,  205,  444 
of  gelatine,  or  glycociuu         .  406 

of  lead 287 

produced  from  stiircb,  woody 

Ubio,  (turn,  &c,  437,  453,  607 
lIpliHiuetlivlane  .  .178 
Jpbamylic  acid  ,  .  .  261 
ilpbosatydo  ....  870 
dpbasobenzoyle,  bydurot  of  149 
ilpbaiatyde  .  .  .  .  ii. 
alphenaie  .  .  .  148 
Sulpbetbamic  acid  .  .  222 
_Bu)pboamidic  acid  .  .  453 
*~ulpbobeuiidc  .  .  .139 
ilphobeutoyle,  hyduret  of  .  147 
uipiiic  acid  .  .  336 
lie  acid  .  .  .  278 
ooyauidu  of  ammonium  .  100 
„  potuosium  .  104 
bocyauic  acid  .  .100 
>boeyauogen  .  .  ib. 
pboglyceric  acid  .  305 
"  ibydi-okinone  .  .  333 
lindigotio  acid  .  366 
D«llono  .  .  .  107 
iieaitylic  aciil  .  261 
othylio  acid  .  .  .  179 
DapbUlidc  .  .486 
iphtoliue  .  .  ib. 
bpiatiic  acid  .  .423 
Opbeuic  aoiil  .  .474 
boviuic  acid  .  .  213 
ulpburet  of  etiiylc  .  .  207 
mctljylr  .  177 
nrinaiiiine  ,  431 
weet  bay,  oil  of  ,  342 
Ivio  acid  .  .^4^ 
fMapta>ie  .164 
jrriugiuo 353 


FaBLB  of  homologoui  com- 
pounda,  roUted  to  athylo 
lUid  acctyle  .  .     .    22 


rioa 
Table  of  benzoic  aeries     .         .  141 
of  compounds  of  etbyle  and 
motbylo         ....  290 
Tabular  view  of  the  origin  of 
vegetable  products  .  643 — 647 
view  of  the  changes  in  animal 
body     .        .  5«»— 578 

Tallow      ...  300 

Tanacetine  .  :!$3 

Toughine  .  a."!* 

Taiinatea 

Tannic  add,  or  Tannine 
Taouingenic  acid 
Tapioca    . 
Tartar,  cream  of . 
emetic  . 
Boluble 
Tartaric  aoid 

„  action  of  beat  on 

„  uibydrous 

„  isomeric  forms  of 

Tartramide 

Tartrates  .  316 

doable  .  .316 

Tartroviuic  acid  .315 

Taurine 516 

Taurylic  acid  ....  5SS 
Tea,  oontaios  eatTeiuu    .       483.  698 

oil  of 842 

use  of       .  5113 

Tekoretiue  495 

Telluretbyle  211 

Terebene  340 

Terupiammon  .     .  424 

Terpine 340 

Tetramethylium  .     .   167 

Tetramyliutu    ...  263 

Tetrantcorine  ...  308 

Telretliylium  ....  226 
Tetrethylo-urca  .  ...  226 
Tbobaioo  ....  422 

Tbeine,  tlie  name  as  CSofl^lna  .  48S 
Tbcobrominu  ....  4X4 
Tbialdino      .         .  230,  40S 

Thionaphtatriic  add  .  .  .  48T 
Thionuiate  of  ammonia  .  .  118 
Thiouuric  acid  .         .     .     H, 

Thiosiunamiiia  .  343,  402 

Thyiuo,  oil  of  .     .  342 

Tliytuiiio  .  602 

Thyin.nlo     .  842 

Tbymoilole  lA. 

Toluidiao     .  141.  8(iT 


TolvioU 
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Toluylic  acid        .        .       141,  170 

ValersI.                                    .^^^^ 

Tribromanilino                            .  872 

Valeraiuiile                                    JW     ' 

Tribcnioieine       -                  .     .  807 

Valerates                                         A 

Triot'tylainine  ....  278 

Valereoe      .                                  8M 

Trichloreniline     .                  .     .  372 

Valerian,  oil  of                               841 

Tricliloro»aliciue                       .162 

Valerianic  acid                              2*4 

Triethylamine                        .     .  226 

anhydrous                                 245 

Trigeuie  acid    ....  fiOl 

Valcrole       .                                  S41 

Trimethylunine  .        .        .    .  185 

Valerone                                       SM 

Triunylaminc  ....  263 

Valeronitryle                                1(5 

Trietliyloph-nyliuui     .         .     .  896 

Valeryle                                           264 

Trinitrolovbyle   .         ...  405 

Vuiolarine                                    869 

Triuitropicryle                            .     lA. 

Vaniishea                                   .  SM 

Turkey-red                                  .351 

Veratrine «« 

Turmeric 851 

Verdigris           ....  SW 

Turpentiue       ....  837 

Vertidine     .                                    400 

„          oil  of  .         .         .     .     ib. 

Vienna  green                                tU 

„         isomer*  of       .        .  840 

Vinegar                                  .     .SU 

Turpentinic  »cid         .        .    .  838 

„      wood                        2U,  4«l 

Type*,  chemical  theory  of        .12 

Volatile  ban*                        .    .  41»   _ 

oily  acids      .        10,  S3,  64«,  <n  H 

..      Uble  of  .                 .    19  V 

Tyroune 602 

„                Uble  of  fonnttMa 

Cpas  poison  or  uiti>ruie          .  854 

of;  from  (Ugw    .  S77 

DnunUe ISO 

■ 

Unuailicocid   ....    ii. 

Watbb,  usee  of,  in  ▼egvtaUoo,  641,  1 

Urate  of  ammODia                .    .110 

boi-^t 

Urea 78 

ia  blood        .  579S 

artiBcial    ,                           .  47,  78 

ppp]ier,  oil  of           ...  MA^f 

amylic                                       .262 

miu,  conUius  ammonia         J|^H 

auiiiue 801 

Wax,  beca',    its  conatitoaato  S^H 

detcrniinalion  of,  in  uriuo    .  672 

^i^^l 

eUiylic 320 

Chinese,  its  coaititmmlm      .  ^^H 

methylic                          .        ,181 

foK&il Mt^V 

nitrato  of                             .     .     78 

White  indigo      .         .         .     .  SM 

oxalate  of      .                           .     ib. 

Wine,  its  pre)iar«tiou                .  44S 

Uretliaue 217 

its  bow/tKt       .                              A 

UrethyluDO                .         .         .179 

its  peculiar  emoil                        ik 

Uric  acid 109 

oil  of 2M 

„       its  derivatire*     111  c(  $tg. 

Wood,  distillation  of       .         .Ml 

TJric  oxide,  or  lanthic  oxide    .  127 

decay  of                           80^  *«•  J 

Diinary  calculi         .        .  127,  686 

ooal  or  brown  oool                .  4  71 H 

Uriu«  of  man                        .    .  686 

vinegar KtH 

„        „    couatitueuta  of   .    ib. 

Wood-epint  or  pTrozvlio  qiiriil 

Urine  of  birds          .        .  533,  &«8 

"irtl.  175,  ««l 

„      carnivora                 .     .  581 

Woody  fibre,.                       .     .  «M 

„      berbirora    .         .         ,     li6. 

a     .  M 

..      serpenU          .         .     .  109 

Wormwood,  uu  ui                        '^M 

Tr  ir.i-.  UHe  of,  as  manure  .        .  663 

Wort  ...                      .  6MH 

rioxiiiiii.  ucid       .                    .     .  126 

^M 

I'roxilc     .                                     .     ib. 

XAirrniOncid                               .^^H 

Pryle  .                                         .109 

.^HH 

Urylic  and        .         .                  .     ib. 

Xantliopenio  acid                 .     .  Oi    ■ 

Usnio  acid TM 

V  X^Udine                          .  3»7.  «S 

mj>Ex. 
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XyUte 

Xylitic  naphtha 

„     oU   . 

„     resin     . 
Xyloidioe    . 
Xylole 
Xyloretine 


PAOK 

.  .  462 
.    ib. 

.  .  ib. 
.    ib. 

4fi3,  469 

141,  897 
.  493 


Tkabt  or  ferment 
Yellow  colouring  matters 

Zamtbopicbinb 
Zincethyle  .         .         .         . 
yields  liyduret  of  ethyle 
Zinoometkyle 


PAOK 

.  609 
.  861 

.  364 
.  209 
.    ib. 

.  190 
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from  the  b1*'vv  ir'gtia;  the  n-^  -om  ;  tho  du- 

tiltioQ  of  cari.  titecbaiwo  \^ '  KJi^^ovfl  Id  the 

I  of  u*'^  ,  [  :<- ToeeUble  t"  ■  i.iiigdutn;  the 

r  itriuc  auii  bilu,  a,u  J  thu  UbU  ul  bilo  Ska  an  elemeut  of  r(ts}>iraUuu,  aa  well  as  in 
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heir  u<.'ii-iiitrft}(uuUcd  coiiatituuuLs,  a»  «U|pir,  ■Ltrch,  acioii.  oilA,  Ac,  fW>m 
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are  ol  fxnx-a, 
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|devuto<i  to  tlie  ctxiE-Mvrulinn  of  tho  pHnctpleu  which  ou^lit  to  direct,  atid  the  method 
lliioh  ought  to  bo  pannicU.  iti^  tho  luToetlKaUon  of  thu  ixitorofliiug  uud  importaut 
llbjeot. 


KESEARCllES  INTO  THE  MOTION  OF  THE  JUICES 
IN  TUE  ANIMAL  BODY. 


BY  JUSTUS  VON  LIEBIG. 


DYEING  AND  CAUCO  PRINTING. 

BY  EDWAKD  AND&EW  FAKNELL, 
Autlior  of  "  ElsmoQU  of  CbemlcAl  AtuUyfeU.** 

i/rvm  Pa&kkli.'*  **  Applied  CbomUtry  iu  UumiHotum,  ArU.  aud 

Domoatlc  Ecouomy,  lfa44."> 

With  lUtutnUona.    8n>.    7<.  oIoUl 


ROW  OH  BALK,  IN  ARTIFICIAL  IVORT. 

A  SMAIX  BUST  OF  PROFESSOR  LIEBIG, 

BEIOHT  10  ISCUES. 
Prto*  It*.,  or  Puked  in  •  Box,  )«(. 


V0BK8  ON  0BBMI8TST,  KATITBAL  FaiLOBOFET.  BTC 


COMrLETE  COURSE  OF  NATURAL  PHILOSOPHY.' 

4  VuU.     !«<.  cldth. 


HANDBOOK  OF  NATURAL  PHILOSOPHY. 
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Fonaerty  Pioteaior  of  Nutonl  Phllosopbv  wul  Aitzonomy  In  DoHonltp  Ooll«g» 
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New  Bditlon,  RoTiaol  uid  gnaOy  EuUrmd,  with  HTsnl  hundred  t-'itHtrail 
Uiustratioufl.    Large  L&mo.    i  VoU.,  e*ch  ^,  duih  IbtUred. 
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Thia  work  is  iiitcndod  for  the  geoer&l  reader  who  desires  to  «ttela 
kaovledge  of  thc>  varu'Uii  JciiartiueiiU  of  physical  tdeoat,  wiUiaut  paiiaia( 
them  ocM'ordiiig  in  tlie  mora  profuuiid  luetbods  of  MxhMnatiral  iimrtintiiw. 
Heaoe  the  style  of  the  explanatioDi  is  stndioualj   popular,   %jiA  Ih*   fi*' 
mntter  is  ererxwhcre  accompaaii-d  by  diversified  elucidationii  aod  exaisi 
derived  from  common  objects,  wherein  the  prihciplei  of  ficieooe  aiw  ■{•(iliel 
the  purposes  of  prwticiil  life. 

It  has  also,  spcciliiMlly,  been  Uie  author's  aim  to  mpply  •  manaal  of  awk 
physical  aud  mcclmniotl  knowledge  aa  is  required  by  the  Medioat  tmA  !•• 
Student,  the  Kngiucvr,  tlie  Artiaua,  the  superior  ilti.K'ii  in  SiL^li.  aiid 
Students  who,  before  entering  on  a  course  of  mn' 

to  take  the  widest  and  most  <»aimanding  survt-  i 

which  they  are  about  to  enter. 

Qr«at  paiuB  have  bc«u  taken  to  render  this  work  oompleto  in  aO 
and  co-exteusive  with  the  actual  lUto  of  the  acieDoet^  aogurdtag  W  Um 
disooTeries, 

Although  the  prinnpleii  of  the  scieooes  are  here,  in  the  main,  irrtlopti  cat 
demonstrated  in  onlinarj  and  papular  laognage,  a  few  malbematMal  tjmiiuk 
are  oocaaioually  used  throughout  the  work,  for  the  porpoeo  of  cipraaiag 
more  clearly  and  conciMJy.  These,  however,  are  osTer  eia{ilojred  witboct 
previous  ample  eiplauution  of  tfac-ir  signification. 

The  pn'&ont  ediiiun  bos  been  enlarged  by  the  intcrpolalioaof  agnat 
of  illustrations  of  ttio  general  principles  of  I'hysics,  taken  IWmji  tluar 
applicutiou»  in  the  .\rt6,   such  examples    being   in  oil   case* 
appropriate  engraved   figures  of  the  instruments  and  machixkea  dcaeribal' 
Many  improvements  have  also  been  introductsi  in  the  Diagratus  for  tka  iU»- 
tmtion  of  Physical  Principles,  the  nambcr  of  which  Ima  been  greatly  ai 

The  series  consir-tt  of  Four  Treatises,  which  are  indejienUent  of 
and  may  be  pnrvhoHed  separatelj. 

MECHAMCS 0»  Votuvs. 

UVDRMHTATICS.  PNEDHATIC8.  AND  BRAT       .    .  Om  VoLimsL 

OPTICn Huts  Voicaa 

KLGCTRlCITr.  MAGNETISM.  AND  ACOCSTICtS       .  Oks  Vi.ti'a8. 

The  Pour  Volumes  taken  together  form  a  complrtr  nmrwi  of  Katanl 
Philosophy,  suttlcient  nut  «uly  for  the  highest  dt^rve  olH^-lri.l  K.-lnn«tinn.  imt 
for  that  nunicrouK  class  of  Univcntity  Students  «bo,  v  ...  Uu 

attainment  of  Academic  honours,  desire  to  aojuire  tJwt  i,>s  gf 

these  Sciences  which  is  necessary  to  entitle  them  to  gnuiintc,   ana,   ia  tin 
praaent  alsto  uf  ■oeiely,  e)i}ieatcd  in  all  weU^edooMad  pOMO*. 
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SOTTBLE  VOLUMES  HOW  KEADY. 

P,*  Double  Fo/uniu  may  now  be  had  strongly  and  haiuhomety  bound  i»  dotk^ 
mtk  Indejxt,  price  St.  6d.  eack  Double  Volume. 


ILLUSTRATED    BY    ENGRAVINGS    ON    WOOD. 


DR.    LARDNER'S 

MUSEUM  OF  SCIENCE  &  ART. 

A  mscKiLAXT  or 

iNSTRDCTIVE  AND  AlfUSING  TRACTS  ON  THE  PETSICAL  SCIBNOE^ 
AND  ON  THEIR  APPLICATION  TO  THE  USES  OP  LIFB. 

nPBE  purpose  of  the  publuhen  of  thU  scriea  is  to  supply  a  ooUeotioo  of 
ioitructiTe  essays  and  tracts,  composed  in  a  popular  and  amusing  stylsi 
and  in  easy  language,  on  tlio  leading  diaooverias  in  the  Pliysical  Scienoe%1 
and  on  tlieir  most  iuporUnt  and  interesting  applications  to  Uie  Arts  whiolil 
contribute  to  the  convenience  and  ornament  of  life.    Such  pa|>era  may  1 
read  with  pleasure  even  by  those  who  liave  been  diKipliued  iu  the  study  of 
the  sciences.    Many  interesting  details  and  incidents  which  are  usuall^l 
excluded  from  systematio  treatise*,  wUl  be  suitably  plMce<l  among  aiicb 
illustretiona.     Persons,  whose  occupations  czoludo  the  pos8ibility  of  sy»- 
t«niatic  study,  will  thiis  be  enabled  to  oollact,  without  the  expandituMn 
of  more  time  and  thought  than  they  can  easily  spare,  the  flowers  and  thai 
Jniit*  of  the  garden  of  knowledge,   and  may  in  their  hours  of  leiaural 
obtain  a  considerable  amount  of  information  on  subjects  of  the  highest 
interest. 

To  place  this  Series  within  the  reach  of  all  eUoaes,  it  is  published  at 
OxK  Pknnt,  in  weekly  numbers  of  16  pages,  lai^  12mo,  printed  ou  goo<l 
paper,  in  a  clear  type,  and  illustrated  when  neoaasaiy  by  engravings  onj 
wood;   also  in  Monthly  Parta,  price   6d.,  iu  a  wrapper;    iu  Qu 
Volumes,  price  !<■  6d. ;  and  in  Half-yearly  Volumes  at  Ss.  6<t 
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MtcroKopto  Drawiugand  EngnTing. 
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W,  MkruMogilc  Druwing  and  EngnTiug. 
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